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Dear all,
Welcome to the NeuroDoWo 2016!
It is our pleasure to host the 27th edition of the Neurobiology Doctoral Stu-
dent Workshop (NeuroDoWo) at Bielefeld University/CITEC. Since 1990, the 
NeuroDoWo is organized by PhD students for PhD students. It aims at provid-
LQJDQH[FHOOHQWQHWZRUNLQJSODWIRUPIRUHDUO\FDUHHUVFLHQWLVWV IURPGL΍HU-
HQWȴHOGVRIQHXURVFLHQFHLQ*HUPDQ\DQGDURXQGWKHZRUOGDQGVWLPXODWLQJ
open discussions about PhD projects without the feeling of being evaluated 
by supervisors. 
This year, you will present your research with a talk or a poster on Thursday 
and Friday. There is plenty of room for lively discussions and networking dur-
ing and after the talk and poster sessions. To that end, we have organized 
WKUHH VRFLDO HYHQWV $ZHOFRPHEDUEHFXH RQ:HGQHVGD\ HYHQLQJ D EX΍HW
dinner on Thursday and a dinner in downtown Bielefeld on Friday. Make sure 
you join us! 
In addition, it is our distinct honor to welcome three renowned scientists for 
further stimulating input: Prof. Dr. Martin Egelhaaf will talk about motion 
sensing and navigation in insects on Wednesday, Dr. James Poulet will talk 
about cortical sensory integration in the mouse forepaw system on Thursday, 
and Prof. Dr. Albert Newen will discuss animal cognition on Friday.  
Thank you for your participation! We wish you a pleasant and fruitful time,
 
 Your organizing team.
3Bielefeld 2016
Olivier Bertrand Chris J. Dallmann &DWKDULQD*ORZDQLD $UQH*ROOLQ
Simon Jetzschke Frauke Lauterbach *D­WDQ/HSUHX[ Valerie Lucks
Shirley Mey Dylan Cheng
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Welcome to Bielefeld
For years, conspiracy theorists have been spreading the virtual rumour that 
%LHOHIHOG LV RQO\ D ȴJPHQW RI WKH LPDJLQDWLRQ LQ NHHSLQJ ZLWK WKHPRWWR
”Bielefeld? There’s no such place!”. That’s far from being true, as you will see.
Some 330,000 people live here, making Bielefeld one of the twenty biggest 
FLWLHVLQ*HUPDQ\)RXQGHGLQDVPHUFKDQWFLW\%LHOHIHOGHPHUJHVWR-
day as a dynamic university city with a total of seven universities and nearly 
35,000 students. Over the next few years Campus Bielefeld will be developed 
LQWRRQHRIWKHPRVWPRGHUQXQLYHUVLW\ORFDWLRQVLQWKHZKROHRI*HUPDQ\
Welcome to the heart of the East Westphalia-Lippe region, home to a number 
of big names and world-class companies including Dr. Oetker, Seidensticker 
and Schüco.
7KH7HXWREXUJ)RUHVWGHȴQHV%LHOHIHOGȇVFLW\VFDSHDQGHQVXUHVVSOHQGLGSDQ-
oramic views – a perfect location for recreational activities as hiking, running, 
climbing and cycling. Nature trails and scenic routes provide opportunities to 
explore Bielefeld and its surrounding area. Located next to one of the most 
EHDXWLIXOULGJHZDONVLQ*HUPDQ\LVWKH6SDUUHQEXUJ7KHFDVWOHSURYLGHVWKH
impressive backdrop for the annual medieval spectacular, and serves as the 
town’s landmark.
Crowd-puller of all in all 15 museums is Kunsthalle Bielefeld, presenting na-
WLRQDOO\UHVSHFWHGH[KLELWLRQVDQGȴQHDUFKLWHFWXUHMXVWEHORZWKH6SDUUHQ-
EXUJ%LHOHIHOGȇV GLYHUVH FXOWXUDO VFHQHR΍HUV DZLGH UDQJHRI HYHQWVRYHU
the whole year – whether in theatres, art galleries, streets or on the city’s 
VSDFLRXVVTXDUHV%\WKHZD\WKHVPDOOEXWȴQHVWDJHRI%XQNHU8OPHQZDOO
is home to international and local big names in jazz music.
5Bielefeld 2016
Welcome to CITEC
Everything from everyday appliances to robots: researchers at the Cluster 
of Excellence Center in Cognitive Interactive Technology (CITEC) at Bielefeld 
University develop technical systems that are intuitive and easy to operate 
for human users. Future technology should adapt to the human user – not 
the other way around.
6LQFH  UHVHDUFKHUV KDYH EHHQ LQYHVWLJDWLQJ WKH VFLHQWLȴF SULQFLSOHV
necessary for endowing machines with cognitive abilities. These machines 
should be able to interact naturally with people and adjust to changing situa-
WLRQV5HVHDUFKLQJWKHVFLHQWLȴFIRXQGDWLRQVRIFRJQLWLYHLQWHUDFWLRQWHFKQRO-
ogy, a research area founded by CITEC, is the necessary pioneering work.
Interdisciplinary research activities at CITEC are organized into four main 
areas: motor intelligence, attentive systems, situated communication, and 
memory and learning. The round about 250 members hail from 29 research 
JURXSVDQGȴYHIDFXOWLHV%LRORJ\/LQJXLVWLFVDQG/LWHUDU\6WXGLHV0DWKHPDW-
ics, Psychology and Sports Science, and Technology.
The CITEC anchors in top-class research through the “virtual faculty”, com-
SULVHGRI OHDGLQJ LQWHUQDWLRQDOH[SHUWV IURPWKHȴHOGRIFRJQLWLYH LQWHU-
DFWLRQWHFKQRORJ\7KHLQWHJUDWHG*UDGXDWH6FKRROKDVDERXWGRFWRUDO
FDQGLGDWHVDQGR΍HUVDFURVVIDFXOW\TXDOLȴFDWLRQLQWKLVLQWHUGLVFLSOLQDU\UH-
search area.
CITEC partners with the strategic partners from industry, economy and social 
welfare and health care like the Bodelschwingh Foundation Bethel, Miele, 
Bertelsmann, and the Honda Research Institute.
$V SDUW RI WKH ([FHOOHQFH ΖQLWLDWLYH RI WKH *HUPDQ 5HVHDUFK )RXQGDWLRQ
'HXWVFKH)RUVFKXQJVJHPHLQVFKDIW')*&Ζ7(&LVIXQGHGE\WKHVWDWHDQG
federal governments.
6NeuroDoWo
*HQHUDOΖQIRUPDWLRQ
Accommodation
Bielefeld JBB Jugendgästehaus
Herrmann-Kleinewächter-Straße 1 
33602 Bielefeld

We reserved rooms at the youth hostel for you. Make sure to check-in as 
member of the NeuroDoWo group. Room allocation is up to you. You will 
receive breakfast at the hostel every morning.
Conference Venue
CITEC - Cognitive Interaction Technology Cluster of Excellence
Inspiration 1
33619 Bielefeld
The conference takes place around the lecture hall in the foyer of the CITEC 
building. Parking in front of the building is possible. We strongly recommend 
to use public transport to commute between the hostel and the conference 
DUHD7KHEHVWFRQQHFWLRQLVYLDWUDPOLQHZKLFKLVFRQQHFWLQJWKHFLW\FHQ-
tre to the university (direction Lohmannshof). After a 10 minute ride it is only 
a 5 minute walk to the CITEC. For more information take a look at our city and 
university maps.
Public Transport
Bielefeld has a very good public transport system and one of the shortest 
Tram networks in germany. All public transport is managed by Mobiel. Tick-
ets for the Tram can be bought at each station, tickets for the bus at the 
driver. All current information and routes can be found on www.mobiel.de
$QHDV\WRXVHDSSWRȴQGWKHQH[WEHVWSXEOLFWUDQVSRUWLVWKHIUHH'HXWVFKH
Bahn (DB) App.
Language
7KHRɝFLDOPHHWLQJODQJXDJHLVHQJOLVK
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Talks
Talks are scheduled as 15 minute presentations with an additional 5 minutes 
of discussion. We ask you politely to keep to time in order to avoid delays in 
the tight schedule. You can bring your own computer, we will also provide a 
computer with Powerpoint and Keynote. Please verify that your presentation 
is working before your session starts.
Posters
Posters will be presented directly in front of the CITEC lecture hall and are 
scheduled in two sessions, one taking place on Thursday, the other on Friday. 
Please be at your poster during your poster session if you want to present 
and discuss your research. Independent of the sessionw we would like to 
leave the posters up for the whole duration, so please put up your poster 
already on Thursday. Posterwalls are numbered, pins or adhesive tape will 
be available. Don’t forget to take down your poster Friday evening.
Socials
We will have a welcome BBQ at the conference venue on Wednesday. Drinks 
and food will be provided. 
2Q7KXUVGD\ZHZLOORUJDQL]HD:UDSEX΍HWDWWKHFRQIHUHQFHYHQXHGULQNV
are included.
After the plenary lecture on Friday, we will go to the Brauhaus in downtown 
%LHOHIHOGZKLFKVHUYHVWUDGLWLRQDO*HUPDQSODLQIDUH:HRUGHUHGGLVKHVDF-
cording to your reservations prior to the workshop. After each dinner, we 
welcome you to join us in grabbing a drink in downtown Bielefeld
Useful Numbers
Emergency: 112
Police: 110
7D[L
+RVWHO
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City Map and Directions
Getting to the hostel
Upon arriving at the central station, take the main exit and continue straight 
to the underground tram station. You can take any line going via Rathaus 
(town hall). Leave the tram at Rathaus and follow the Nikolaus-Dürrkopp-Str 
until you reach the hostel. You are right if you pass below a bridge-like struc-
ture reading ‘Dürrkopp’.
Getting to the conference venue
7DNHWKHVDPHURXWHIURPWKHKRVWHOEDFNWRWKHVWDWLRQȆ5DWKDXVȇ7UDPOLQH
(red number) will bring you to the university. Please exit the tram at ‘Wellen-
siek’ and follow the signs directing you to CITEC and the University of Applied 
Sciences. The CITEC-building is the black, smaller building on the left.
<RXFDQEX\WLFNHWVDWHYHU\VWDWLRQ$WLFNHWFRVWVFXUUHQWO\ȜDQGLVYDOLG
for 90 minutes of unlimited travel around the city.
4
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Campus Map
Campus North
Campus South
4
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Biology Open
bio.biologists.org
For more information please visit our website biologists.com
7KH&RPSDQ\RI%LRORJLVWVLVDQRWIRUSURƬWSXEOLVKLQJRUJDQLVDWLRQGHGLFDWHG
to supporting and inspiring the biological community. We are run by distinguished 
SUDFWLFLQJVFLHQWLVWV:HH[LVWWRSURƬWVFLHQFHQRWVKDUHKROGHUV:HLQVSLUHQHZ
thinking and support the worldwide community of biologists.
:HGRWKLVE\SXEOLVKLQJOHDGLQJSHHUUHYLHZHGMRXUQDOVIDFLOLWDWLQJVFLHQWLƬF
PHHWLQJVDQGFRPPXQLWLHVSURYLGLQJWUDYHOJUDQWVIRU\RXQJUHVHDUFKHUVDQGE\
supporting societies and gatherings.
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Wednesday, 5 pm, CITEC lecture hall
Moving the eyes: From motion 
sensing to navigation in cluttered 
environments
Prof. Dr. Martin Egelhaaf
Neurobiology & Center of Cognitive Interaction Technology (CITEC), Bielefeld Univer-
VLW\*HUPDQ\
'HVSLWHWKHLUPLQLDWXUHEUDLQVLQVHFWVVXFKDVȵLHVDQGEHHVDUHDEOHWRSHU-
IRUPKLJKO\DHUREDWLFȵLJKWPDQHXYHUVDQGWKHUHE\VROYHVSDWLDOYLVLRQWDVNV
such as avoiding collisions with stationary obstacles, landing on objects, or 
localizing previously learned inconspicuous goals in cluttered environments 
even over large distances. To accomplish their extraordinary performance, 
insects rely on spatial information that is contained in the retinal motion pat-
WHUQVȊRSWLFȵRZȋJHQHUDWHGRQWKHH\HVGXULQJORFRPRWLRQ7KHRSWLFȵRZ
is shaped by the characteristic dynamics of behavioral actions as well as by 
the structure of the environment and, thus, has very peculiar spatiotemporal 
SURSHUWLHVWKDWIDFLOLWDWHH[WUDFWLRQRIVSDWLDOLQIRUPDWLRQIURPWKHRSWLFȵRZ
patterns (“active vision strategy”).  The talk will highlight what is known from 
electrophysiological experiments and modeling about the computational 
mechanisms extracting this actively generated environmental information 
by the insect brain and how this information might be used to solve behav-
ioral tasks. It will be shown that, by making use of the behaviorally gener-
DWHGG\QDPLFVRIWKHUHWLQDOLPDJHȵRZLQVHFWVDUHFDSDEOHRISHUIRUPLQJ
H[WUDRUGLQDULO\ZHOOZLWKPLQLPDOFRPSXWDWLRQDOH΍RUW7KHFRPSXWDWLRQDOO\
parsimonious principles underlying biological active vision strategies may be 
HPSOR\HGZKHQGHVLJQLQJDUWLȴFLDOOLJKWZHLJKWURERWLFV\VWHPV
12
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'LH *HPHLQQ¾W]LJH +HUWLH6WLIWXQJ LVW HLQH GHU JU¸¡WHQ ZHOWDQVFKDX-
lich unabhängigen und unternehmerisch ungebundenen Stiftungen in 
Deutschland.
6LHZXUGHYRQGHQ(UEHQGHV.DXIKDXVLQKDEHUV*HRUJ.DUJLQV/H-
ben gerufen und engagiert sich mit ihren Mitarbeitenden und ihrem Ver-
P¸JHQ LQ GHQ $UEHLWVJHELHWHQ 1HXURZLVVHQVFKDIWHQ *HVHOOVFKDIWOLFKH
Innovationen sowie Bildung.
Die Projekte und Initiativen der Stiftung leisten wissenschaftlich basierte 
XQGSUD[LVRULHQWLHUWH%HLWU¦JH]XU/¸VXQJGU¦QJHQGHU3UREOHPHXQVHUHU
*HVHOOVFKDIW
6LHKDEHQVRZRKO]XP=LHOGLH4XDOLW¦WGHV¸΍HQWOLFKHQ'LVNXUVHV]XYHU-
EHVVHUQDOVDXFKLQGHU3UD[LVPRGHOOKDIWH/¸VXQJVDQV¦W]H]XVFKD΍HQ
'LHVHN¸QQHQXQGVROOHQYRQDQGHUHQ¾EHUQRPPHQZHUGHQ(QWVSUHFK-
HQG I¸UGHUWXQG IRUGHUWGLH+HUWLH6WLIWXQJ(LJHQLQLWLDWLYHXQG+LOIH ]XU
Selbsthilfe.
www.ghst.de
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Thursday, 11 am, CITEC lecture hall
Cortical sensory integration in the 
mouse forepaw system
Dr. James Poulet
Neural Circuits and Behaviour, Max Delbrück Center For Molecular Medicine, 
%HUOLQ*HUPDQ\
We use the mouse forepaw somatosensory system to examine neural mech-
anisms of sensory perception and motor control. In particular we study the 
primary somatosensory and primary motor cortical regions associated with 
the forepaw. We train mice to report sensory stimulation of the paw by lick-
ing or reaching and pressing a sensor and then record and manipulate the 
DFWLYLW\RIJHQHWLFDOO\ LGHQWLȴHGFRUWLFDOQHXURQVGXULQJ WKHVHEHKDYLRUV WR
attempt to uncover the neural computations underlying sensory perception 
DQGEHKDYLRUΖQWKLVWDONΖZLOOGHVFULEHWZRSURMHFWVWKHȴUVWDERXWWKHFRU-
tical circuits involved in thermal processing and perception, and a second 
about the transformation of tactile sensory input to movement output by 
forelimb motor cortical neurons.
14
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Friday, 4:30 pm, CITEC lecture hall
 $QLPDO&RJQLWLRQΖVWKHUHbD
feature that marks an anthropo-
logical borderline?
Prof. Dr. Albert Newen
5XKU8QLYHUVLW¦W%RFKXP%RFKXP*HUPDQ\
In the last two decades we have witnessed the emergence of radically new 
insights concerning the cognitive abilities of animals. Considering some new 
insights especially in birds, dogs and monkeys, I am discussing the recent 
candidates for an anthropological borderline between human and nonhu-
PDQDQLPDOVΖWLVDUJXHGE\LQGXFWLRQRQWKHEDVLVRIVLJQLȴFDQWH[DPSOHV
WKDWIRUDOOIHDWXUHVDVFDQGLGDWHVIRUDQDQWKURSRORJLFDOERUGHUOLQHZHȴQG
astonishing roots in nonhuman animals. If we account for the top-level abili-
ties of the most advanced nonhuman species (including systematic training 
of the animals) the suggested borderline tends to be uninterestingly high 
because it excludes human children up to a certain age who are still lacking 
WKHVHDELOLWLHVΖIZHDFFRXQWIRUDJUDGXDODQGVSHFLHVVSHFLȴFGHYHORSPHQW
RI FRJQLWLRQ LQ HYROXWLRQDQGRQWRJHQ\ HYHQZLWK VLJQLȴFDQW VPDOO VWHSV
WKHEHVWZHFDQGRWRFRPSDUHVSHFLHVLVWRGHYHORSVSHFLHVVSHFLȴFSURȴOHV
concerning relevant cognitive abilities. Comparing species would then take 
SODFHE\FRPSDULQJWKHVHSURȴOHVZKLOHZHVKRXOGJLYHXSWKHLGHDWKDWDQ\
one of the cognitive features alone would allow us to mark an anthropologi-
cal borderline.
16
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Talks Schedule
Thursday, starting 9:30 am
T1: Charalampos Mantziaris
:HDN&HQWUDO&RXSOLQJEHWZHHQ&RQWUDODWHUDO'HSUHVVRU0RWRU$FWLYLWLHVLQWKH'HD΍HUHQWHG
Walking System of the Stick Insect 
T2: Anna C. Schneider
Characterization of Neurotransmitters in a Network of Coupled Oscillators
T3: Olga Dyakova
ΖQȵXHQFHRILPDJHVWDWLVWLFVRQDFWLYHEHKDYLRUDQGYLVXDOUHVSRQVHVLQKRYHUȵLHV
70HLNH6FKHOOHU
Neural development of non-visual multisensory integration in sighted and non-sighted individuals
Thursday, starting 1:30 pm
T5: Niels Niethard
6OHHSVWDJHVSHFLȴFUHJXODWLRQRIFRUWLFDOH[FLWDWLRQDQGLQKLELWLRQ
7$OLQD*UDI
How attention modulates activity in the visual cortex and the connection to working memory 
capacity
T7: Jonas Hornung
(PRWLRQDODWWHQWLRQDQGFKHPRVHQVRU\VLJQDOVKRZGRHVDQGURVWDGLHQRQHD΍HFWDWWHQWLRQDQG
neural activation in women and men?
T8: Mina Elhamiasl
7KHH΍HFWRI LQWHUSUHWDWLRQPRGLȴFDWLRQRQDWWHQWLRQELDV WRZDUGKHDOWK UHODWHG LQIRUPDWLRQ
and emotion regulation in patients with health anxiety
Thursday, starting 4:45 pm
7%M¸UQ7UHEHOV
Postmetamorphic plasticity of the mushroom bodies’
7%HQMDPLQ+3D΍KDXVHQ
Neuronal correlates of social interactions in honeybees
T11: Max Diesner
ΖGHQWLȴFDWLRQDQGTXDQWLȴFDWLRQRIELRJHQLFDPLQHVIURPLQGLYLGXDO'URVRSKLODVRPDWDE\
MALDI-TOF MS.
T12: Julia Sprenger
An illustrative approach to metadata management for electrophysiological experiments
17
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Talks Schedule
Friday, starting 9:30 am
T13: Sara Hänzi
Interactions between vestibular stimulation and locomotor corollary discharge in Xenopus laevis 
tadpoles
75RPDQ*RXODUG
9LVXRΖQHUWLDOVWDELOL]DWLRQLQȵ\LQJLQVHFWVORRNLQJIRUYHUWLFDOUHIHUHQFH
T15: Kristina Corthals
Head-body-coordination in walking Drosophila melanogaster
Friday, starting 11:00 am
T16: Olivier Bertrand
Remember the route between home and work 
T17: Simon Jetzschke
)LQGLQJ+RPH7KHLQȵXHQFHRIODQGPDUNDPELJXLW\RQKXPDQQDYLJDWLRQ"
7&DWKDULQD*ORZDQLD
Haptic shape adaptation is not object dependent
T19: Daniela Buchwald
Vision vs. Touch: Does the type of sensory information alter the way primates plan grasps? 
Friday, starting 2 pm
T20: Shirley Mey
Braintracking. How do we get an alternative communication tool? 
T21: Marie Oulé
Dendritic intrinsic excitability of the mature granule cells of the dentate gyrus
18
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Weak Central Coupling between Contralateral Depressor 
0RWRU$FWLYLWLHVLQWKH'HD΍HUHQWHG:DONLQJ6\VWHPRIWKH
6WLFNΖQVHFW
Charalampos Mantziaris, Anke Borgmann, Till Bockemühl and Ansgar 
Büschges
'HSDUPHQWRI$QLPDO3K\VLRORJ\8QLYHUVLW\RI&RORJQH&RORJQH*HUPDQ\
$FWLYLW\FRXSOLQJEHWZHHQFHQWUDOSDWWHUQJHQHUDWLQJQHWZRUNV&3*VLVHV-
sential for generating a coordinated and behaviorally relevant locomotor out-
put. Numerous studies have highlighted the importance of sensory input for 
&3*FRRUGLQDWLRQHVSHFLDOO\LQWHUUHVWULDOORFRPRWLRQ+RZHYHULQIRUPDWLRQ
regarding contribution of central coordinating mechanisms remains highly 
HOXVLYH+HUHZHXVHGWKHGHD΍HUHQWHGFHQWUDOQHUYRXVV\VWHPRI&DUDXVLXV
PRURVXVWRLQYHVWLJDWHFHQWUDOLQWHUDFWLRQVEHWZHHQFRQWUDODWHUDO&3*VWKDW
control movement of the coxa-trochanter (CTr) joint in all thoracic segments.
&7UMRLQW &3* RXWSXW ZDV DVVHVVHG E\ UHFRUGLQJ DFWLYLW\ RI PRWRQHXURQV
(MNs) that innervate the depressor trochanteris muscles, both in isolated 
and interconnected thoracic ganglia . Rhythmic motor activity in leg MN pools 
was induced by application of 5×10-3 M pilocarpine. Potential coupling inter-
actions were determined by either phase analysis of the evoked rhythmic-
ity or correlation of contralateral depressor spike activities. To elucidate the 
QHXUDOPHFKDQLVPVXQGHUO\LQJ&3*FRRUGLQDWLRQZHUHFRUGHGLQWUDFHOOXODUO\
with sharp electrodes from meso-thoracic MNs and interneurons. Despite 
FRQVLGHUDEOHYDULDELOLW\ LQSKDVHGL΍HUHQFHVDQGIUHTXHQF\UDWLRVEHWZHHQ
FRQWUDODWHUDOPRWRUDFWLYLWLHVSKDVHGL΍HUHQFHGLVWULEXWLRQVVKRZHGGLVWLQFW
preferences in all segmental ganglia. Interconnected meso- and meta-tho-
racic ganglia showed intermittent sequences of clear in-phase activity, char-
acterized by stable rhythmicity and increased coupling strength.
Our results reveal weak intra-segmental coupling between hemi-segmental 
&7UMRLQW&3*VLQWKHDFWLYDWHGVWLFNLQVHFWWKRUDFLFQHUYHFRUGΖQLQWHUFRQ-
QHFWHGJDQJOLDZHȴQGDSUHIHUHQFHIRULQWHUDQGLQWUDVHJPHQWDOLQSKDVH
activity. This does not resemble any of the known coordination patterns in 
insect walking. It is conceivable though that the observed coordination can 
support the observed intersegmental co-activation of segmental muscles, 
FDSWXUHGLQWKHȴIWK&UXVHUXOH&UXVH
19
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Characterization of Neurotransmitters
in a Network of Coupled Oscillators
$QQD&6FKQHLGHU, Susanne Neupert, and Carmen Smarandache-Well-
mann
$QLPDO3K\VLRORJ\=RRORJLFDOΖQVWLWXWH8QLYHUVLW\RI&RORJQH&RORJQH*HUPDQ\
Animal behavior is governed by the activity of neurons and the interplay of 
neural networks. Merely knowing the connections between neurons in a net-
work is not enough to understand the interaction between the neurons and 
JHQHUDWLRQRIWKHQHWZRUNȇVDFWLYLW\SDWWHUQV7KHDFWLRQRIGL΍HUHQWQHXUR-
transmitters can drastically alter the network’s output.
+HUHZHXVHGWKHFUD\ȴVKVZLPPHUHWV\VWHPWRVWXG\FRRUGLQDWLRQRIGLV-
tributed neural oscillators using electrophysiology, immunocytochemistry, 
and mass spectrometry. Each oscillating module includes three neurons that 
enable coordination. The presynaptic Ascending (ASCE) and Descending Co-
ordinating Neurons (DSC) of one module send coordinating information to 
the postsynaptic Commissural Interneuron 1 (ComInt 1) of another module. 
We hypothesized that ASCE and DSC use low molecular weight transmitters 
because their spikes elicit fast, distinct EPSPs in ComInt 1.
In our electrophysiological experiments focal and bath application of gluta-
PDWH '14; RU *$%$ DQWDJRQLVWV SLFURWR[LQ FKDQJHG QHLWKHU (363 VL]H
nor shape. Furthermore, immunocytochemical experiments using antisera 
against serotonin revealed no co-localization with the intracellularly stained 
coordinating neurons. Hence, these compounds could be excluded as puta-
tive neurotransmitters of ASCE and DSC. Using a combination of electrophys-
LRORJLFDOUHFRUGLQJLQWUDFHOOXODUG\HLQMHFWLRQIRUFHOOLGHQWLȴFDWLRQDQGGLUHFW
single cell MALDI-TOF mass spectrometry we were able to identify acetylcho-
line (ACh) as putative transmitter in both ASCE and DSC. Further experiments 
E\LPPXQRVWDLQLQJVDJDLQVW$&KFDQYHULI\RXUȴQGLQJVZLWK0$/'Ζ72)06
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ΖQȵXHQFHRILPDJHVWDWLVWLFVRQDFWLYHEHKDYLRUDQGYLVXDO
UHVSRQVHVLQKRYHUȵLHV
Olga Dyakova.DULQ1RUGVWU¸P
Uppsala University, Uppsala, Sweden
1DWXUDOVFHQHVZKLFKDUHHQFRXQWHUHGE\IUHHO\ȵ\LQJȵLHVFDQEHGHVFULEHG
in terms of their statistics. It has been shown that one of the second-order 
statistics – the slope of the average amplitude spectrum (often called the 
alpha-value) - of natural scenes has a peak around 1.2 [1, 2].
:HKDYHUHFHQWO\IRXQGWKDWDKRYHUȵ\KLJKHURUGHUYLVXDOQHXURQF6Ζ)(LV
inhibited by a range of natural scenes and that this inhibition is strongly de-
pendent on the alpha-value [2]. Moreover, using a trackball setup
>@ZHKDYHVKRZQWKDWKRYHUȵLHVȇRSWRPRWRUUHVSRQVHLVLQȵXHQFHGE\LP-
age statistics [1].
:HDOVRSHUIRUPHGDȴHOGZRUNVWXG\ZKHUHZHLQYHVWLJDWHGWZRW\SHVRIKRY-
HUȵ\EHKDYLRUVKRYHULQJDQGȵ\LQJ3UHOLPLQDU\UHVXOWVVXJJHVWWKDWWKHUHLV
DVLJQLȴFDQWGL΍HUHQFHLQLPDJHVWDWLVWLFVEHWZHHQSKRWRVRI
WKHJURXQGRYHUZKLFKKRYHUȵLHVZHUHHLWKHUKRYHULQJRUȵ\LQJ
'\DNRYD2/RQJGHQ.'/HH<-9*.LVHOHY	1RUGVWU¸P.$KLJKHURUGHUYLVXDOQHX-
ron tuned to the spatial amplitude spectra of natural scenes. Nat. Commun.
2. Tolhurst, D., Tadmor, Y. & Chao, T. Amplitude spectra of natural images. 12, 229–233 (1992).
/RQJGHQ.'0X]]X7&RRN'-6FKXOW]65	.UDSS+*1XWULWLRQDOVWDWHPRGXODWHV
WKHQHXUDOSURFHVVLQJRIYLVXDOPRWLRQ&XUU%LROȂ
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Neural development of non-visual multisensory integra-
tion in sighted and non-sighted individuals
0HLNH6FKHOOHU1, Karin Petrini1, Michael Proulx1 and Michelle de Haan2
1 Department of Psychology, University of Bath, Bath, United Kingdom
2 Developmental Cognitive Neuroscience Unit, Institute of Child Health, University College 
London, London, United Kingdom
Interaction with the world around us is part of our daily lives. In order to do 
so in a meaningful way we have to get a precise and accurate representa-
tion of this world. Integrating information from multiple senses is known to 
increase perceptual accuracy and precision. However, in typically developing 
humans the ability to improve precision through integration of sensory cues 
GHYHORSV UDWKHU ODWH *RUL HW DO 3HWULQL HW DO 'HYHORSPHQWDO
delays in optimal multisensory integration can arise from sensory calibration 
processes, whereby the more robust sense teaches the less robust sense. 
But what if one sense is lost or absent – how does this impact the integra-
tion of information in the remaining senses? In this project I will investigate 
whether blind and visually impaired individuals, who depend largely on their 
remaining senses, develop optimal audio-haptic sensory integration at an 
earlier age compared to healthy individuals or if this form of integration is 
impaired due to disturbance of sensory recalibration during development. 
By employing a ball size discrimination game I will gather behavioural as well 
DV((*GDWDWRH[DPLQHLIDQGDWZKDWDJHDXGLRKDSWLFLQWHJUDWLRQGHYHORSV
LQQRQVLJKWHGLQGLYLGXDOV.QRZLQJKRZWKHQHXUDOGHYHORSPHQWGL΍HUVEH-
tween sighted and non-sighted individuals is essential to develop successful 
VHQVRU\VXEVWLWXWLRQGHYLFHVIRUWKHEOLQG3URXO[HWDO)XUWKHUPRUHLW
is crucial to understand at what age blind children can gain from using both 
senses, as earlier training and intervention might be possible and optimal.
22
NeuroDoWo
Ta
lk
s
6OHHSVWDJHVSHFLȴFUHJXODWLRQRIFRUWLFDOH[FLWDWLRQDQG
inhibition
Niels Niethard1, Masashi Hasegawa2, Takahide Itokazu2, Carlos N. Oyane-
del1, Jan Born1,2, Takashi R. Sato2,3
ΖQVWLWXWHIRU0HGLFDO3V\FKRORJ\DQG%HKDYLRUDO1HXURELRORJ\8QLYHUVLW\RI7¾ELQJHQ*HU-
many.
&HQWHUIRUΖQWHJUDWLYH1HXURVFLHQFH8QLYHUVLW\RI7¾ELQJHQ*HUPDQ\
3 Japan Science and Technology, Tokyo, Japan
Sleep is characterized by unique patterns of cortical activity alternating be-
tween the stages of slow wave sleep (SWS) and rapid-eye movement (REM) 
sleep. How these patterns relate to the balanced activity of excitatory pyrami-
dal cells and inhibitory interneurons in cortical circuits is unknown. We in-
vestigated cortical network activity during wakefulness, SWS, and REM sleep 
JOREDOO\DQGORFDOO\XVLQJLQYLYRFDOFLXPLPDJLQJLQPLFH:LGHȴHOGLPDJLQJ
revealed a reduction in neural activity during SWS, compared with wakeful-
ness and, unexpectedly, a further profound reduction in activity during REM 
sleep. Two-photon imaging on local circuits showed that this suppression 
during REM sleep was associated with reduced activity of pyramidal cells, 
accompanied by activation of PV+ interneurons, but not SOM+ interneu-
rons. PV+ interneurons most active during wakefulness were also most ac-
WLYHGXULQJ5(0VOHHS2XUUHVXOWVUHYHDODVOHHSVWDJHVSHFLȴFUHJXODWLRQRI
the cortical excitation/inhibition balance, with PV+ interneurons conveying 
maximum inhibition during REM sleep, which might help shape memories in 
these networks.
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+RZDWWHQWLRQPRGXODWHVDFWLYLW\LQWKHYLVXDOFRUWH[DQG
the connection to working memory capacity
Alina Graf
'HXWVFKHV=HQWUXPI¾U1HXURGHJHQHUDWLYH(UNUDQNXQJHQ*HUPDQ\
Working memory allows us to maintain and manipulate information online 
that is crucial for behavior. Being of limited capacity, the ability to retain rel-
evant information varies greatly between individuals. Studies have shown 
that individuals with a high working memory capacity are able to disregard 
distracting information in contrast to low-capacity individuals, who encode 
distractors just like target stimuli. It thus seems that one key factor, which 
distinguishes high-capacity from low-capacity individuals, is the ability to pri-
RULWL]HLQIRUPDWLRQ7KLVȴOWHULQJRIGDWDDOUHDG\EHJLQVDWWKHOHYHORISHUFHS-
WLRQ:KHQZHDWWHQGDVSHFLȴFDUHDRIWKHYLVXDOȴHOGRXUEUDLQHQKDQFHV
the processing of the attended region and decreases the processing of the 
surrounding areas. This regulation is particularly pronounced if there are dis-
tracting stimuli nearby the target stimulus. It has been shown that the magni-
tude of this so-called top-down modulation of retinotopic visual areas varies 
robustly between individuals. We hypothesize that this attentional modula-
WLRQSURFHVVLQȵXHQFHVWKHH[WHQWRIWKHLQGLYLGXDOZRUNLQJPHPRU\FDSDF-
ity. We will therefore measure the individual visuo-spatial working memory 
capacity of healthy young subjects. For the extreme high-capacity and the 
extreme low-capacity individuals we will then assess the magnitude of the at-
tention regulated top-down modulation of the retinotopic visual areas using 
a visual paradigm in fMRI scan. The analysis will then show whether the abil-
LW\WRSULRULWL]HLQIRUPDWLRQRQWKHOHYHORISHUFHSWLRQLQȵXHQFHVWKHZRUNLQJ
memory capacity.
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Emotional attention and chemosensory signals: how does 
DQGURVWDGLHQRQHD΍HFWDWWHQWLRQDQGQHXUDODFWLYDWLRQLQ
women and men?
Jonas Hornung1, Lydia Kogler1, Andreas Bartels2, Manfred Hallschmid3,  
9DQHVVDb1LHUDWVFKNHU1, Stephan Wolpert, Jessica Freiherr5,6, Birgit Derntl1
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI7¾ELQJHQ7¾ELQJHQ*HUPDQ\
:HUQHU5HLFKDUGW&HQWUHIRUΖQWHJUDWLYH1HXURVFLHQFH7¾ELQJHQ*HUPDQ\
3 Institute for Medical Psychology and Behavioural Neurobiology, University of Tübingen, 
7¾ELQJHQ*HUPDQ\
8QLYHUVLW\'HSDUWPHQWRI2WRODU\QJRORJ\+HDGDQG1HFN6XUJHU\8QLYHUVLW\RI7¾ELQJHQ
7¾ELQJHQ*HUPDQ\
'LDJQRVWLFDQGΖQWHUYHQWLRQDO1HXURUDGLRORJ\5:7+$DFKHQ8QLYHUVLW\$DFKHQ*HUPDQ\
)UDXQKRIHUΖQVWLWXWHIRU3URFHVV(QJLQHHULQJDQG3DFNDJLQJΖ99)UHLVLQJ*HUPDQ\
Chemosensory signals play an important role in the social interaction of 
many animal species. They signal danger, fear and sexual interest and are 
emitted via glands in the skin. While the connection of odors and behavior is 
ZHOOLQYHVWLJDWHGLQDQLPDOVLQKXPDQVOLWWOHLVNQRZQDERXWWKHLQȵXHQFHRI
chemosensory signals on social and emotional processes. 
The chemosignal receiving most attention in this regard is a substance called 
androstadienone (ANDR). This androgen steroid can be found in male sweat, 
saliva and semen and has been shown to alter emotional processing in men 
and women, i.e. under ANDR human subjects take longer to disengage from 
emotional information like angry or happy faces. ANDR has also been found 
WRD΍HFWSK\VLRORJLFDOUHDFWLRQVDQGPRRGLQDJHQGHUVSHFLȴFPDQQHULH
increasing negative mood in men and increasing positive mood in women. 
$QRWKHUUHFHQWȴQGLQJLVWKDWKHWHURVH[XDOZRPHQUDWHPDOHIDFHVPRUHDW-
tractive under ANDR. 
ΖQWKLV3K'SURMHFWZHLQYHVWLJDWHWKHH΍HFWRI$1'5RQGL΍HUHQWSURFHVVHV
of emotional attention in healthy women and men. 
%DVHGRQSUHYLRXVȴQGLQJVZHH[SHFWWKDW$1'5DWWUDFWVDWWHQWLRQWRHPR-
WLRQDOVWLPXOL:KHWKHUWKLVH΍HFWLVVLPLODUO\VWURQJLQZRPHQDQGPHQDQG
ZKHWKHUQHXUDODFWLYDWLRQLVD΍HFWHGE\$1'5DSSOLFDWLRQKDV\HWWREHLQ-
vestigated. This project is novel as no other study before has taken this in-
WHJUDWLYHDSSURDFK WR LQYHVWLJDWHJHQGHUGL΍HUHQFHVE\DSSO\LQJPHWKRGV
of cognitive psychology (behavior), systems neurobiology (functional brain 
imaging) and molecular neurobiology (hormone sampling, genotyping). 
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7KHH΍HFWRILQWHUSUHWDWLRQPRGLȴFDWLRQRQDWWHQWLRQELDV
toward health related information and emotion regulation 
LQSDWLHQWVZLWKKHDOWKDQ[LHW\
Mina Elhami Asl1,2, Ali Khatibi1,2, Mohsen Dehghani3
1 Neuroscience Department. Bilkent University. Ankara, Turkey
2 National Magnetic Resonance Research Center (UMRAM). Bilkent University. Ankara, Turkey
3 Psychology Department, Shahid Beheshti University. Tehran. Iran
Health anxiety refers to worries about an illness that may lead to the misinter-
pretation of bodily sensations as symptoms of a serious disease. Considering 
the suggested role of interpretation bias in development and maintenance of 
KHDOWKDQ[LHW\GL΍HUHQWSV\FKRWKHUDS\SURWRFROVDLPWRPRGLI\WKHVHELDVHV
through reappraisal technics. However, the underlying mechanisms of these 
changes are not well investigated and an interaction between these biases 
and other cognitive processes, such as selective attention, are hypothesized 
to play a role. Since negative appraisal of health related information will in-
crease attention bias toward health-threatening stimuli, it seems interpreta-
WLRQPRGLȴFDWLRQPLJKWLPSURYHDWWHQWLRQELDVDQGFRQVHTXHQWO\OHDGWROHVV
anxiety.
Method: To study this hypothesis, 60 patients with health anxiety will be se-
lected. These participants will be divided into three groups: Interpretation 
PRGLȴFDWLRQ6KDPLQWHUSUHWDWLRQPRGLȴFDWLRQDQGFRQWUROJURXSΖQRUGHU
to reduce clinician bias and increase the validity of the study, we are going 
WRGHYHORSDFRPSXWHUWDVNWKDWIRFXVRQPRGLȴFDWLRQRILQWHUSUHWDWLRQELDV
Before and after treatments, attention bias, emotion regulation and symp-
toms of all participants will be evaluated using Dot probe task, ERQ and HAI.
([SHFWHGUHVXOWV:HH[SHFWLQWHUSUHWDWLRQPRGLȴFDWLRQWDVNWKURXJKUHSODF-
LQJPRUHDSSURSULDWHUHDSSUDLVDOVVLJQLȴFDQWO\UHGXFHVWKHGL΍HUHQFHLQUH-
DFWLRQ WLPH WRKHDOWK UHODWHGDQGQRQKHDOWK UHODWHGVWLPXOL UHȵHFWLQJ WKH
improvement in attention bias toward health threatening information. We 
also expect this intervention increase positive emotion regulation strategies 
such as cognitive reappraisal and reduce maladaptive ones including avoid-
ance or suppression. This cognitive reappraisal will then lead to successive 
down-regulation of anxiety about health. 
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Postmetamorphic plasticity of the mushroom bodies 
Björn Trebels1, Stefan Dippel2, Ernst A Wimmer2, Joachim Schachtner1
3KLOLSSV8QLYHUVLW\0DUEXUJ'HSDUWPHQWRI%LRORJ\$QLPDO3K\VLRORJ\0DUEXUJ*HUPDQ\
*HRUJ$XJXVW8QLYHUVLW\*¸WWLQJHQ'HSDUWPHQWRI'HYHORSPHQWDO%LRORJ\-RKDQQ)ULHGULFK
%OXPHQEDFKΖQVWLWXWHRI=RRORJ\DQG$QWKURSRORJ\*=0%(UQVW&DVSDUL+DXV*¸WWLQJHQ
*HUPDQ\
With its fully sequenced genome and the susceptibility for reverse genetics 
based upon RNA interference (RNAi), Tribolium castaneum is best suited to 
study the development and plasticity of the nervous system. While plasticity 
can be provided by various mechanisms, we focus on ongoing cell prolifera-
tion in the adult brain. It is well established that neurogenesis persists in the 
mushroom bodies (MB) of adult insects, including beetle T. castaneum where 
neuroblasts giving birth to MB Kenyon-cells remain active for more than one 
month after adult eclosion. To label cell proliferation in the adult beetle we 
successfully adapted the 5-ethyl-2’-deoxyuridine (EdU) technique to living 
beetles. Combined with immunohistochemistry against the glia-cell marker 
reversed-polarity and the use of transgenetic lines expressing neuron- and/
RUJOLDVSHFLȴFPDUNHUVZHODEHOHGWKHSURJHQLHVRIDGXOWSHUVLVWLQJQHXUR-
blasts, determined their identity and counted the newborn Kenyon cells in 
ZLWKLQWKHȴUVWZHHNDIWHUDGXOWHFORVLRQWRGHWHUPLQHWKHSUROLIHUDWLRQUDWH
In several studies it was proposed that newborn neurons of MBs may play a 
role during olfactory processing and learning. We combined the EdU-staining 
with olfactory stimulation using the leaf alcohol cis-3-hexen-1-ol and again 
determined the proliferation rate. Our data suggest at least two phases. Di-
rect after adult eclosion, proliferation is independent from stimulation with 
WKHOHDIDOFRKROZKLOHDIWHUDERXWWKUHHGD\VSUROLIHUDWLRQLVLQȵXHQFHGE\
olfactory stimulation.
To further investigate MB plasticity, we plan to use other odors, including the 
EHHWOHȇVDJJUHJDWLRQSKHURPRQHGLPH\WK\GHFDQDO'0'RGRUGHSULYD-
tion and knockdown of Orco via systemic RNAi.
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Neuronal correlates of social interactions in honeybees
%HQMDPLQ+3D΍KDXVHQ, Inga Fuchs, Randolf Menzel
ΖQVWLWXWHRI%LRORJ\1HXURELRORJ\)UHLH8QLYHUVLW¦W%HUOLQ*HUPDQ\
So far no data exist about the neural correlates of social interaction in the 
honeybee. We record from multiple mushroom body extrinsic neurons 
during social interaction in a small functioning honeybee colony. The bees 
cared for the queen, nursed the brood, guarded the exit, cleaned the hive 
and foraged. The colony used the honeycombs as they would naturally. The 
recorded animal is freely moving and interacts with colony members. The 
ZHLJKWRIWKHKLJKO\ȵH[LEOHWZLVWHGWULSOHRIZLUHVZDVFRXQWHUEDODQFHGE\
a lose nylon spring. The behavior of both the recorded animal and the hive 
mates was monitored in infrared light by a video camera and tracked. Social 
interactions were categorized and correlated with the neurons activities. Up 
WRQHXURQVZHUHUHFRUGHGVLPXOWDQHRXVO\DQG ODVWHGIRUXSWRKRXUV
per animal. Spontaneous spike rates were lower than those of similar neu-
rons in harnessed bees. Neural activity increases frequently during interac-
WLRQV )XUWKHUPRUHZHȴQG WKDW WKH YDULDQFHRI VSLNHDFWLYLW\RI WKHXQLWV
increases suggesting that the neurons sense or controls the contacts with 
RWKHUEHHV+LQWVZHUHIRXQGWKDWGL΍HUHQWDFWLYLW\SDWWHUQVDFURVVQHXURQV
FKDQJHVZLWKGL΍HUHQWIRUPVRIVRFLDOLQWHUDFWLRQV2QJRLQJDQDO\VHVWKDW
include machine learning, are pursued to clarify whether the activity changes 
are related to, for example, the origin of the approaching bee or the division 
of labor within the bee colony. The highly variability of neural activity needs 
further analyses.
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ΖGHQWLȴFDWLRQDQGTXDQWLȴFDWLRQRIELRJHQLFDPLQHVIURP
LQGLYLGXDO'URVRSKLODVRPDWDE\0$/'Ζ72)06
0D['LHVQHU, Susanne Neupert
8QLYHUVLW\RI&RORJQH%LRFHQWHU=RRORJLFDOΖQVWLWXWH.¸OQ*HUPDQ\
Biogenic amines represent a diverse group of neurotransmitters, -modulators 
DQGKRUPRQHVZKLFKDUHV\QWKHVL]HGDQGUHOHDVHGE\QHXURQVLQȵXHQFLQJ
physiological processes and shaping behavioral patterns in organisms. De-
tection of biogenic amines by mass spectrometry from a small sample size 
such as a single cell body is still a challenging analytical task. While a MALDI-
TOF MS-based method for detection of neuropeptides on single cell level has 
EHHQSXEOLVKHG>@DQHTXLYDOHQWDSSURDFKIRUWKHGHWHFWLRQDQGTXDQWLȴFD-
tion of smaller neurotransmitter such as biogenic amines is lacking to date.
Here, we introduce a robust and reproducible protocol by using on-plate 
FKHPLFDO GHULYDWL]DWLRQ ZLWK K\GUR[\PHWKR[\FLQQDPDOGHK\GH WR GH-
FUHDVHWKHOLPLWRIGHWHFWLRQȴUVWIRFXVLQJRQRFWRSDPLQH2$DQGW\UDPLQH
7$OLPLWRIGHWHFWLRQ2$IPROwO7$IPROwOZLWKRXWLQWHUUXSWLRQRI
the detection of putative neuropeptides in the same sample set. The strategy 
FRQWDLQVTXDQWLȴFDWLRQH[SHULPHQWVZLWKLQWHUQDOVWDQGDUGVZKLFKVKRZVDQ
H[FHOOHQWOLQHDULW\5t!DQGDOLPLWRITXDQWLȴFDWLRQRIIPROwOIRU2$
and TA, respectively.
Analyzes of individual dissected somata from two discrete tyraminergic/octo-
paminergic neuron populations, the VL cluster at the protocerebrum and the 
90OEFOXVWHURI WKHVXERHVRSKDJHDOJDQJOLRQ UHYHDOHGDKLJKO\ VLJQLȴFDQW
GL΍HUHQFHLQ2$OHYHOEHWZHHQWKHWZRFHOOSRSXODWLRQWWHVWS H9/
Q 90OEQ 
)XUWKHUH[SHULPHQWVZLOO LQFOXGHEHKDYLRUDODVVD\VWRVWXG\SXWDWLYHGL΍HU-
ences in OA/TA expression on somata level to get a more detailed under-
VWDQGLQJDERXWWKHLULQȵXHQFHLQWKHQHUYRXVV\VWHP
[1] Neupert S, Fusca D, Schachtner J, Kloppenburg P, Predel R, 2012. Toward a single-cell-based 
analysis of neuropeptide expression in Periplaneta americana antennal lobe neurons. J Comp 
1HXURO0DU'RLFQH
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An illustrative approach to metadata management
IRUHOHFWURSK\VLRORJLFDOH[SHULPHQWV
-XOLD6SUHQJHU1, Carlos Canova1, Jana Pick1, Lyuba Zehl1, Michael Denker1, 
6RQMD*U¾Q1,2
1 Institute of Neuroscience and Medicine (INM-6) and Institute for Advanced Simulation (IAS-6) 
DQG-$5$%UDLQΖQVWLWXWHΖ-¾OLFK5HVHDUFK&HQWUH-¾OLFK*HUPDQ\
7KHRUHWLFDO6\VWHPV1HXURELRORJ\5:7+$DFKHQ8QLYHUVLW\*HUPDQ\
7KHJHQHUDWLRQDQGDFFXPXODWLRQRIGDWDLVDFRPPRQIHDWXUHLQDOOVFLHQWLȴF
endeavors. These primary data, and subsequent data resulting from post-
processing steps, should always be accompanied by information about the 
origin of the data. This information is typically recorded as metadata and is 
essential for reproducible data analysis, for facilitation of the communication 
between members of a project, and ultimately to support later accessibility 
of recorded data. In neuroscience, and in particular experimental neurophys-
iology, the development of a common approach to metadata management is 
VWLOODQRQJRLQJH΍RUW
We present here an easy-to-use approach for metadata generation for neu-
URVFLHQWLȴFGDWDLQWKHFRQWH[WRIWZRHOHFWURSK\VLRORJLFDOXVHFDVHVDQGLOOXV-
trate how we can apply a common metadata framework to store metadata 
records. Our approach is based on odML (open metadata Markup Language), 
i.e. a hierarchical XML-based metadata format which
was designed to represent complex metadata collections. However, both use 
FDVHVUHYHDOHGWKDWPDQXDOO\JHQHUDWLQJDQGȴOOLQJDQRG0/PHWDGDWDGRFX-
PHQW LVQRWVXɝFLHQWO\VROYHGZLWKRXWH[WHQVLYHSURJUDPPLQJNQRZOHGJH
ZLWKWKHFRQVHTXHQFHRIH΍HFWLYHO\SUHYHQWLQJWKHXVHRIWKHRG0/IUDPH-
work. To overcome this challenge, we developed odML-tables, a
software solution that emerged from this observation and is designed to 
bridge the gap between classical hierarchical representations of odML and 
DȵDWWDEXODUFRXQWHUSDUWZKLFKLVZHOOVXLWHGIRUPDQXDOHQWU\XVLQJFRP-
PRQ JUDSKLFDO VRIWZDUH WRROV 0LFURVRIW ([FHO /LEUH2ɝFH &DOF:H VKRZ
KRZRG0/WDEOHVFRPSOHPHQWVDVXVWDLQDEOHZRUNȵRZIRU
metadata management in the two use cases.
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Interactions between vestibular stimulation and locomo-
tor corollary discharge in Xenopus laevis tadpoles
6DUD+¦Q]L1,2, Hans Straka2
*UDGXDWH6FKRRORI6\VWHPLF1HXURVFLHQFHV0XQLFK*HUPDQ\
'HSDUWPHQW%LRORJ\ΖΖ/XGZLJ0D[LPLOLDQV8QLYHUVLW¦W0XQLFK*HUPDQ\
Tadpoles of Xenopus laevis possess two mechanisms for gaze stabilization: 
ȴUVWWKHYHVWLEXRORRFXODUUHȵH[925FRPSHQVDWHVWKHGLUHFWLRQRIJD]HLQ
UHVSRQVHWRH[WHUQDOPRYHPHQWZKLFK LVVHQVHGDVYHVWLEXODUVWLPXODWLRQ
second, corollary discharge (CD) from the spinal cord causes compensato-
ry eye movements during swimming. Previous studies have shown that no 
VOR in the horizontal plane can be elicited during swimming, implying that 
horizontal vestibular inputs are cancelled. However, the vertical VOR is not 
(completely) cancelled. The present experiments aim to elucidate the details 
of the interaction between the CD and the cancellation of the VOR: how spe-
FLȴFLVWKHFDQFHOODWLRQRIYHVWLEXODULQSXWV"(OHFWURSK\VLRORJLFDOH[SHULPHQWV
were carried out in in-vitro preparations of Xenopus laevis, in which we re-
FRUGHGȴFWLYHVZLPPLQJDFWLYLW\DVZHOODV WKHH\HPRYHPHQWPRWRUFRP-
mands, which represent the readout of the VOR. Natural linear stimulation 
was employed to see whether the VOR from the otolith organs was cancelled 
E\&'SUHOLPLQDU\UHVXOWVVXJJHVWWKLVLVQRWWKHFDVHDQGWKHVXSSUHVVLRQ
RI YHVWLEXODU LQSXWV LV DW OHDVW VSHFLȴF WR WKH VHPLFLUFXODU FDQDOV*DOYDQLF
YHVWLEXODUVWLPXODWLRQ*96DOORZHGVSHFLȴFVWLPXODWLRQRIWKHVHPLFLUFXODU
canals. Here, it appears that the interactions between swimming and vestibu-
ODUVWLPXODWLRQDUHFRPSOH[VZLPPLQJDQG*96DUHQRWLQGHSHQGHQWIDFWRUV
VLQFH*96RIWHQHOLFLWV VZLPPLQJ DQG OLNHO\ IDFLOLWDWHV WKH WUDQVPLVVLRQRI
WKH&'1HYHUWKHOHVVLWDSSHDUVWKDWWKH925HOLFLWHGE\*96LVDWOHDVWDOVR
somewhat suppressed, if not completely cancelled. Cancellation of vestibular 
inputs by CD therefore seems to encompass all semicircular canals.
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9LVXRΖQHUWLDOVWDELOL]DWLRQLQȵ\LQJLQVHFWVORRNLQJIRU
vertical reference
Roman Goulard, Jean-Louis Vercher, Stéphane Viollet
Aix-Marseille Université, CNRS, ISM UMR 7287, Marseille, France
Flying insects’ aptitude to perform hovering, automatic landing and tracking 
tasks involves accurately controlling their head and body roll and pitch move-
PHQWVEXWKRZWKLVDWWLWXGHFRQWUROGHSHQGVRQGL΍HUHQWVHQVRULPRWRUORRSV
[1] is still an open question. Visual and inertial feedback loops based on state 
change compensation are well documented [2], but they can be submitted to 
an error accumulation or a drift leading to instability. Therefore we focused 
on the possible existence of an absolute vertical reference in insects.
ΖQDȴUVWSDUWZHVWXGLHGJUDYLFHSWLRQ LQ LQVHFWV*UDYLW\SHUFHSWLRQ LQȵ\-
ing insects has mainly been studied in terms of grounded animals’ tactile 
orientation responses [3], but it has not yet been established whether hov-
HUȵLHVXVH LWDVD UHIHUHQFH WRFRQWURO WKHLUȵLJKW$QHDUWKEDVHG IUHH IDOO
SURFHGXUHZDVGHYHORSHGZLWKZKLFKȵ\LQJLQVHFWVFDQEHEULHȵ\H[SRVHGWR
micro-gravity under various visual conditions. The insects’ free fall detection 
and crash avoidance performances in various visual environments suggest 
the existence of a multisensory control system based mainly on vision rather 
WKDQJUDYLW\SHUFHSWLRQ>@
ΖQDVHFRQGSDUWZHLQYHVWLJDWHWKHYLVLRQDVWKHGRPLQDQWVHQVHIRUȵLJKW
control. We used a well-known paradigm in insects, the Dorsal Light Response 
[1,5], which leads to the realignment of the head with a light source or an ar-
WLȴFLDOKRUL]RQ%\UHYHUVLQJWKHKRUL]RQZHVKRZWKDW WKLVUHȵH[GRHVQRW
rely only on vision but that it is probably combined with proprioception (i.e., 
measurement of head-body orientations by means of the prosternal organs 
LQWKHȵ\ȇVQHFN7KLVPXOWLVHQVRU\FRPELQDWLRQFRXOGOHDGWRDQLQWHUHVWLQJ
way to estimate a vertical reference [6]. 
[1] Hengstenberg, R. (1993). Multisensory control in insect oculomotor systems. Rev Oculomot 
5HV>@7D\ORU*.	.UDSS+*6HQVRU\V\VWHPVDQGȵLJKWVWDELOLW\
ZKDWGRLQVHFWVPHDVXUHDQGZK\"$GYDQFHVLQLQVHFWSK\VLRORJ\>@+RUQ(	
Kessler, W. (1975). The control of antennae lift movements and its importance on the gravity 
UHFHSWLRQLQWKHZDONLQJEORZȵ\&DOOLSKRUDHU\WKURFHSKDOD-RXUQDORIFRPSDUDWLYHSK\VLRORJ\
>@*RXODUG59HUFKHU-/	9LROOHW67RFUDVKRUQRWWRFUDVKKRZ
GRKRYHUȵLHVFRSHZLWKIUHHIDOOVLWXDWLRQVDQGZHLJKWOHVVQHVV"-RXUQDORI([SHULPHQWDO%LRORJ\
(in revision). >@6WDQJH*	+RZDUG-$QRFHOODUGRUVDOOLJKWUHVSRQVHLQDGUDJRQȵ\
-H[S%LRO>@*RXODUG5-XOLHQ/DIHUULHUH$)OHXULHW-9HUFKHU-/	9LROOHW6
(2015). Behavioural evidence for a visual and proprioceptive
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 Head-body-coordination in walking Drosophila   
melanogaster
Kristina Corthals0DUWLQ&*¸SIHUW%DUW5+*HXUWHQ
'HSDUWPHQWRI&HOOXODU1HXURELRORJ\*HRUJ$XJXVW8QLYHUVLW\RI*¸WWLQJHQ*¸WWLQJHQ*HUPDQ\
Due to the small stereobasis and interocular overlap, most insects lack stere-
oscopic vision. Therefore, other cues for distance estimation become preva-
lent as for example the retinal image shift by self-motion. During translation-
al movements, close objects will travel faster across the retina than distant 
ones, whereas during rotational movement all objects move with the same 
speed. Therefore, only translational movements provide distance informa-
tion1. Insects overcome this problem by using a saccadic strategy, which con-
sists of very short and fast rotations, called saccades2,3, that disrupt long 
WUDQVODWLRQDOPRYHPHQWV7KLVVWUDWHJ\KDVEHHQIRXQGLQGL΍HUHQW LQVHFWV
Ȃ
Here, we show that walking Drosophila melanogaster perform body sac-
FDGHVZLWKRXWWKHW\SLFDOKHDGVDFFDGHVGHVFULEHGIRURWKHULQVHFWV 7KLV
was also paired with the absence of haltere movement during walking, which 
seems to coordinate head movement in other insects. Modeling of the visual 
ȴHOGRI'URVRSKLOD UHYHDOHG WKDWKHDGPRYHPHQWV D΍HFW WKH UHWLQDO LQSXW
only marginally.
.RHQGHULQN--	'RRUQ$-)DFWVRQRSWLFȵRZ%LRO&\EHUQȂ
&ROOHWW76	/DQG0)9LVXDO6SDWLDO0HPRU\LQ$+RYHUȵ\-&RPS3K\VLROȂ
(1975).
*HLJHU*	3RJJLR72QKHDGDQGERG\PRYHPHQWVRIȵ\LQJȵLHV%LRO&\EHUQȂ
(1977).
6FKLOVWUD&	YDQ+DWHUHQ-+6WDELOL]LQJJD]HLQȵ\LQJEORZȵLHV1DWXUH
*HXUWHQ%5+.HUQ5%UDXQ(	(JHOKDDI0$V\QWD[RIKRYHUȵ\ȵLJKWSURWRW\SHV-([S
%LROȂ
%RHGGHNHU17KHȴQHVWUXFWXUHRIKRQH\EHHKHDGDQGERG\\DZPRYHPHQWVLQDKRPLQJ
task. 
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Remember the route between home and work
Olivier Betrand, Martin Egelhaaf
'HSDUWPHQWRI1HXURELRORJ\%LHOHIHOG8QLYHUVLW\*HUPDQ\
Central-place foragers, such as bees and ants, travel back and forth between 
food locations and their nest. To reach their goal they tend to follow idiosyn-
cratic routes. Several visual mechanisms underlying route learning and fol-
lowing have previously been proposed. However one may follows a route 
without remembering at each decision point, the direction to go. Indeed 
WKHDJHQWPD\XVHDSUHGHȴQHGGLUHFWLRQZKHQQRQUHPHPEHUHGGHFLVLRQ
points are encountered along the route. For example, in cluttered environ-
ments the animal does not need to remember decision points when the 
URXWHGLUHFWLRQLVDOLJQHGZLWKWKHSUHGHȴQHGGLUHFWLRQPLQLPL]LQJWKHULVNRI
DFROOLVLRQ7KHSUHGHȴQHGGLUHFWLRQFDQEHHLWKHUEDVHGRQWKHJHRPHWU\RI
the environment (e.g. avoiding collision), or other properties (e.g. the shape 
of objects). If animals are displaced from their learned course, e.g. by a gust 
of wind, they need to regain it by some search strategy. Is it therefore safe 
WRPHPRUL]HRQO\SDUWRID URXWH" ΖI VRZKDWSUHGHȴQHGGLUHFWLRQVKRXOG
be used? These questions are addressed here by a graph representation of 
virtual environments.  We found that it is recommended to learn most of the 
route. Moreover, the closer the animal is to its route – but not on the route – 
the more important it is to learn the route entirely. Finally, we found that the 
SUHGHȴQHGGLUHFWLRQGRHVQRWSOD\DVLJQLȴFDQWUROH7KHUHIRUHZHVKRXOG
memorize most of the route not to stay lost.
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)LQGLQJ+RPH7KHLQȵXHQFHRIODQGPDUNDPELJXLW\RQKX-
man navigation?
6LPRQ-HW]VFKNH1,21RUEHUW%¸GGHNHU1,2 and Marc Ernst2
1 Cognitive Interaction Technology — Center of Excellence, Bielefeld University
'HSDUWPHQWRI&RJQLWLYH1HXURVFLHQFH%LHOHIHOG8QLYHUVLW\*HUPDQ\
Spatial navigation tasks often require the ability to memorize the location of 
a goal often using sensory information from multiple sources. Information 
about movement and posture of the body can originate in the senses of the 
human body. External reference points, such as landmarks or beacons, how-
ever, convey information about the spatial position of the individual in given 
surroundings. Landmarks are ambiguous, though, if they are not unique or 
FRPELQHGZLWKDGGLWLRQDO LQIRUPDWLRQ+RZGRHV WKLVDPELJXLW\D΍HFW WKH
accuracy and precision in human navigation?
7RVWXG\WKHLQȵXHQFHRIODQGPDUNVLQKXPDQQDYLJDWLRQZHWHVWHGWKHVDPH
H[SHULPHQWDOSDUDGLJPLQWZRGL΍HUHQWVHQVHVDXGLWLRQDQGYLVLRQ3DUWLFL-
pants learned the position of a goal, determined by a number of landmarks. 
Participants were then relocated to a new position and had to return to the 
goal location. We tested the performance (a) with blindfolded participants 
and auditory landmarks and (b) seeing participants in a virtual-reality setup 
with visual landmarks. 
We found that participants were unable to resolve the ambiguity of auditory 
landmarks in order to locate the position of the goal when the landmarks 
ZHUHQRWLQGLYLGXDOO\LGHQWLȴDEOH$OVRYLVXDOODQGPDUNVDUHDPELJXRXVDQG
the participants’ performance is closely linked to the ambiguity of the land-
marks. We believe that humans could use a method called template match-
ing, which is a well-studied mechanism in insects, to locate the position of 
the goal. Humans could also learn individual landmarks and compare their 
VHQVRU\LQSXWZLWKWKHSUHYLRXVO\DFTXLUHGLQIRUPDWLRQWRȴQGUHOLDEOHDQG
useful landmarks. What homing strategies are used when humans are uncer-
tain about the information available?
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Haptic shape adaptation is not object dependent
Catharina Glowania1,2, Loes C.J. van Dam2,3, Sarah Hanke, Marc O. Ernst 2 
1 Cognitive Interaction Technology — Center of Excellence, Bielefeld University
'HSDUWPHQWRI&RJQLWLYH1HXURVFLHQFH%LHOHIHOG8QLYHUVLW\*HUPDQ\
3 University of Essex, Colchester, United Kingdom
When touching a slanted surface, the impression arises that after a period 
of time the surface appears less slanted or even level (adaptation). If sub-
sequently presented with a physically level surface, this surface will be per-
FHLYHGDV VODQWHG LQ WKHRSSRVLWHGLUHFWLRQ DGDSWDWLRQ DIWHUH΍HFW+DSWLF
shape perception, however, relies on both posture information as well as 
cutaneous (touch) information. The question arises whether haptic shape 
adaptation is object or posture based. If haptic adaptation is object-related it 
should only occur if an object is actively touched. Posture adaptation should 
D΍HFWKDSWLFVKDSHSHUFHSWLRQUHJDUGOHVVRIZKHWKHUDQREMHFW LV WRXFKHG
during adaptation.
To address this question, participants adapted to a virtual slant using the 
LQGH[ȴQJHUVRIERWKKDQGV ΖQRQH FRQGLWLRQ DGDSWDWLRQZDV LQGXFHGE\
actively touching the surface (object present) in a second condition, partici-
SDQWVDGDSWHGE\NHHSLQJWKHLUȴQJHUVLQPLGDLUDWLQGLFDWHGORFDWLRQVRE-
MHFWDEVHQW5HVXOWVVKRZHGDGDSWDWLRQDIWHUH΍HFWVIRUERWKDGDSWDWLRQFRQ-
ditions to equal extents, regardless of whether an object was present or not. 
This indicates that haptic shape adaptation can be fully explained by posture 
adaptation (proprioception). This implies that object constancy heavily de-
pends on previous postures being similar.
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Vision vs. Touch: Does the type of sensory information alter 
the way primates plan grasps? 
Daniela Buchwald
'HXWVFKHV3ULPDWHQ]HQWUXP*HUPDQ\
Object recognition describes the ability to identify objects and their physical 
properties. Although the correct recognition of objects is an important task 
for most animals, especially with regard to manipulation and interaction, the 
exact representation of such object recognition in the brain has not yet been 
extensively studied. Likewise, it is unknown whether grasping for visually and 
WDFWXDOO\SHUFHLYHGREMHFWVLVSODQQHGGL΍HUHQWO\LQWKHEUDLQ
In my project, we explore these object representations in the brain of rhesus 
macaques. The monkeys perform a grasping task, in which they have to lift 
objects. These objects were either perceived visually or tactually beforehand. 
ΖQWKHWDFWLOHVXEWDVNWKHPRQNH\ZLOOȴUVWJDWKHUWDFWLOHLQIRUPDWLRQLQWKH
GDUN WRSODQ WKHJUDVSPRUHHɝFLHQWO\ ΖQ WKHYLVXDOVXEWDVN WKHREMHFW LV
enlightened for a short time, before the monkey has to grasp it in the dark. 
While the animal performs this task, we record from the brain areas F5, AIP, 
M1, S1 and S2. These regions are related to the planning and execution of 
grasping movements and to visual and tactile perception of objects and are 
therefore relevant targets for the electrophysiological recordings in this pro-
ject.  Importantly, the neural signals in both tasks will be compared to deter-
PLQHZKHWKHUGL΍HUHQWDFWLYLW\SDWWHUQVH[LVWIRUWKHVHFRQGLWLRQV
These experiments will shed new light on visual and tactile object recognition 
and its use for grasp motor planning.
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    Braintracking. How do we get an alternative     
 communication tool?
6KLUOH\0H\Dirk Koester, Thomas Schack
Center of Excellence – Cognitive Interaction Technology (CITEC), Bielefeld University, 
1HXURFRJQLWLRQDQG$FWLRQ%LRPHFKDQLFV%LHOHIHOG8QLYHUVLW\*HUPDQ\
Interaction with machines is more and more common. The communication 
FDQEHGRQH LQGL΍HUHQWZD\V ΖW LV SRVVLEOH WRXVH VSHHFK JHVWXUHV RWK-
er body language, or especially to communicate with machines, keyboard 
entries. All this methods interrupt your situation. Also for using supporting 
machines or robots for handicapped people, this methods are sometimes 
hard to use and also show a very obvious use of supportive techniques. An 
DOWHUQDWLYHPHWKRGLVRXUEUDLQDFWLYLW\UHFRUGHGE\HQFHSKDORJUDSK\((*
This method is more or less independent from languages or personal abili-
ties regarding normal communication advantages, and because of this inde-
SHQGHQFHDPHWKRGZKLFKFDQEHXVHGIURPDOOSHRSOHZLWKGL΍HUHQWQDWLYH
languages or disabilities.
:HZDQWWRȴQGDPXOWLPRGDOVROXWLRQIRUGLVWLQJXLVKLQJDQGDFWLQJZLWKGLI-
ferent types of objects in a real life environments, to provide useful informa-
tion for human machine interactions. 
Because we want to use this technique in real life situations we want to inves-
WLJDWHDPHWKRGWKDWLVLQGHSHQGHQWIURPDUWLȴFLDOPDUNHUVWRGHWHFWHYHQW
related potentials. That’s is why we wanted to use events which are produced 
E\WKHSDUWLFLSDQWVLWVHOI%DVHGRQSULRUVWXGLHVZHGHFLGHGWRXVHȴ[DWLRQ
RQVHWVWRPHDVXUHHYHQWUHODWHGSRWHQWLDOV(53V)LUVWUHVXOWVVKRZVLJQLȴ-
FDQWGL΍HUHQFHVLQWKHEUDLQDFWLYLW\LQSDUWLFXODUUHJLRQVZKHQȴ[DWLQJWDVN
relevant objects compared to irrelevant objects. These results give us a neu-
rocognitive signature of task-relevance in real life situations.
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'HQGULWLFLQWULQVLFH[FLWDELOLW\RIWKHPDWXUHJUDQXOHFHOOV
of the dentate gyrus
Marie Oulé DQG-H΍UH\/RSH]5RMDV
Leibniz Institut for Neurobiology - Magdeburg
7KH'*LVRQHRIWKHIHZEUDLQUHJLRQVZKHUHQHXURJHQHVLVWDNHVSODFH7KXV
WKH'*LVFRPSRVHGRIDVPDOOSRSXODWLRQRILPPDWXUH*&VDQGDPDMRULWDU-
LDQSRSXODWLRQRIPDWXUH*&V$SDUWIURPWKHLUGL΍HUHQFHVLQPRUSKRORJ\
LW KDVEHHQGHVFULEHG WKDWPDWXUH*&VGLVSOD\ UHGXFHG V\QDSWLF SODVWLFLW\
FRPSDUHGWRWKHLPPDWXUH*&V'HVSLWHWKHODUJHUHSUHVHQWDWLRQRIWKHPD-
WXUH*&VLQWKH'*DQGEHFDXVHLPPDWXUH*&VVHHPWREHSDUWLFXODUO\H[FLW-
able and plastic, the past decades of research have mainly focused on the 
UHOHYDQFHRIWKHVHLPPDWXUH*&VLQPHPRU\IRUPDWLRQ6RPHVWXGLHVHYHQ
VXJJHVWHGWKDWPDWXUH*&VFRXOGEHFRQVLGHUHGDVUHWLUHGFHOOVDQGWKDWWKH
PHPRU\IXQFWLRQRIWKH'*ZRXOGRQO\UHO\RQLPPDWXUH*&V+RZHYHUWKLV
K\SRWKHVLVLVKLJKO\GHEDWHGLQWKHȴHOG6HYHUDOVWXGLHVKDYHUHFHQWO\GUDZQ
WKHDWWHQWLRQRQDQRWKHUIRUPRISODVWLFLW\LQWULQVLFSODVWLFLW\ΖQGHHGPRGLȴ-
cations of the intrinsic excitability, notably within the dendritic compartment, 
have been demonstrated to importantly modulate the synaptic plasticity and 
the processing of signals from dendrites to the soma. Alterations of the intrin-
VLFH[FLWDELOLW\FDQEHDFKLHYHGE\PRGLȴFDWLRQVRIWKHSURSHUWLHVRIGL΍HUHQW
channels, notably the potassium channels, expressed along the dendrites. 
Thus, this project aims to (1) determine the relevance of dendritic intrinsic 
SODVWLFLW\RIWKHPDWXUHJUDQXOHFHOOVUHJDUGLQJPHPRU\DVVHVVWKHUROHRI
potassium channels in the regulation of dendritic intrinsic properties.
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P1: Inga Fuchs:
Low cost open source hardware and software in behavioral and electrophysiological experi-
ments: Arduino & Raspberry Pi
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Detecting synapses to understand a coordinating network
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Movement Feedback Signal Processing in a Curve Stepping Stick Insect: Task and Segment 
6SHFLȴF
P9: Laura Schläger:
Ionic currents during rhythm generation and coordination of activity 
P11: Felix Clotten:
7KH(΍HFWRI'HVFHQGLQJΖQSXWRQD/RFRPRWRU6\VWHP
P13: Valerie Lucks:
$GDSWDWLRQLQGXFHGPRGLȴFDWLRQRIPRWLRQVHOHFWLYLW\WXQLQJLQYLVXDOWHFWDOQHXURQVRIDGXOW
]HEUDȴVK
35XPH\VD*XQGX]&DQ
*UDVSLQJ5HSODQQLQJΖQWHUIHUHVZLWK:RUNLQJ0HPRU\GXULQJWKH0DLQWHQDQFH3URFHVV1HX-
rophysiological Evidence
P17: Jing Huang:
Age-related changes in saccadic adaptation
P19: Emmanuel Antwi-Adjei:
Circuit Analyses of consolidated memory in Drosophila.
P21: Martin Müller:
Where to place my home in a cluttered environment? A model analysis.
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P2: Chris J Dallmann
A fast, local, load-based mechanism for inter-leg coordination in freely walking insects
3&KDUORWWH'RXVVRW
$FWLYHYLVLRQVWUDWHJLHVRIEXPEOHEHHVGXULQJOHDUQLQJȵLJKWV
P6: Frederick Zittrell
5HFHSWLYHȴHOGVRISRODUL]DWLRQVHQVLWLYHQHXURQVRIWKHFHQWUDOFRPSOH[LQWKHGHVHUWORFXVW
P8: Jinglin Li
Modeling motion adaptation in the visual system
P10: José Monteagudo
2QWKHUROHRIYLVLRQDQGJUDYLW\LQKHDGERG\FRRUGLQDWLRQRIIUHHO\ZDONLQJEORZȵLHV
P12: Frauke Lauterbach
2SWLFȵRZEDVHGGLVWDQFHFRGLQJLQWKH+FHOORIWKHEORZȵ\
3*D­WDQ/HSUHX[
Passive versus active sensing: a giant descending interneuron in a stick insect conveying  
information about antennal movement.
P16: Anna Metzger
+DSWLFDIWHUH΍HFWRIVRIWQHVV
P18: Dylan Ming-Yang Cheng
(QKDQFLQJ*ROI3XWWLQJ3HUIRUPDQFHE\1HXURIHHGEDFN7UDLQ
3$UQH*ROOLQ
A Multisensory Compass for Indoor Navigation
P22: Corinna Osterbrink and Aykut Kurt
Multisensory integration of both ON and OFF-stimuli via correlation detection
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Low cost open source hardware and software in behavioral 
DQGHOHFWURSK\VLRORJLFDOH[SHULPHQWV$UGXLQR	5DVSEHUU\b
Pi
Inga Fuchs, %HQMDPLQ+3D΍KDXVHQ
1HXURELRORJ\ΖQVWLWXWHRI%LRORJ\)UHLH8QLYHUVLW¦W%HUOLQ*HUPDQ\
Behavioral science can be accelerated greatly by the use of digitally controlled 
devices capable of measuring relevant parameters and, if necessary, interact 
with the experiment. Those machines can be bought and they can do things 
in an implemented way. They are however neither cheap nor as adaptive as 
they should be. The focus of this poster is to demonstrate how to overcome 
the rather small barriers in order to develop their own machines. Recently, 
open hardware projects like the Arduino  or the  Raspberry Pi  draw enor-
mous community coding and building elements that can be fused together to 
ȴWWKHH[SHULPHQWHUVQHHGV:HDVVFLHQWLVWVFDQEHQHȴWIURPODUJHQXPEHUV
of projects that are documented well in the internet, mostly by tutorial videos 
including component lists and code. Here we present a number of simple 
suggestions how to build yourself helpful devices for  your behavioral and 
neurophysiological experiments.
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Detecting synapses to understand a coordinating network
)HOL[%OXPHQWKDOCR Smarandache-Wellmann
ΖQVWLWXWHRI=RRORJ\$QLPDO3K\VLRORJ\(PP\1RHWKHU*URXS8QLYHUVLW\RI&RORJQH&RORJQH
*HUPDQ\
'XULQJ VZLPPLQJ WKH IRXU SDLUHG VZLPPHUHWV RI WKH FUD\ȴVKȇV DEGRPHQ
are coordinated in an anteriorly proceeding metachronal wave. Each swim-
meret is innervated by neurons from its own module, containing a central 
SDWWHUQJHQHUDWRU&3*7KHLQWHUVHJPHQWDOFRRUGLQDWLRQRIIRXULSVLODWHUDO
DQDWRPLFDOO\VHSDUDWHG&3*VLVDFKLHYHGE\WKUHHQHXURQVORFDWHGLQHDFK
hemisegment forming a coordinating circuit. One ascending (ASCE) and one 
descending (DSC) coordinating neuron encode the information about the 
status of their home module and project it to the other ganglia. A nonspik-
ing neuron, Commissural Interneuron 1 (ComInt1), decodes this information 
transmitted by three neighboring coordinating neurons with a gradient of 
V\QDSWLFVWUHQJWKDQGLQWHJUDWHVLWLQWRLWVRZQ&3*
Here we want to investigate if the gradient of synaptic strength is due to 
the morphology of synaptic contacts. For these experiments, ComInt1 and 
FRRUGLQDWLQJQHXURQVZHUHȴOOHGZLWKȵXRUHVFHQWG\HDQG WKHSUHV\QDSWLF
boutons of the coordinating neurons on ComInt1 were marked immunohis-
tochemically with Anti-Synapsin. 
The axons of the coordinating neurons run dorsally, parallel to the midline 
through each segment. ComInt1 has its soma in one hemisegment, sends its 
primary neurite dorsally over the midline to the lateral neuropil on the con-
tralateral side. Additionally ComInt1 has one ascending and one descending 
dendritic branch parallel to the midline and to the axons of the coordinating 
neurons.
$WWKHPLGOLQHZHLGHQWLȴHGV\QDSVHVRIWKHFRRUGLQDWLQJQHXURQVE\FRORFDO-
ized presynaptic boutons with an intracellular stained axon. The colocaliza-
tions were dorsally all along and strictly parallel to the midline of the gangli-
on. These colocalizations do not yet explain the three distinct sizes of EPSPs 
LQ&RPΖQWEXWLWLVDȴUVWDSSURDFKWRLQYHVWLJDWHWKLVPRUSKRORJLFDOO\
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1HXUROJLQGHȴFLHQWȵLHV7RRGHQVHRUWRRGHDIWRPDWH"
Robert Kossen
*HRUJ$XJXVW8QLYHUVLW\*¸WWLQJHQ*HUPDQ\
1HXUROLJLQV 1/*1V DUH D JURXS RI SRVWV\QDSWLFDOO\ H[SUHVVHG SURWHLQV
which contribute to the formation and maturation of synapses in both verte-
brates and invertebrates, ensuring stable and correct connections between 
nerve cells. Mutations of neuroligin encoding genes in humans have been 
associated with the so called autism spectrum disorders (ASDs). ASDs are 
FKDUDFWHUL]HGE\GHȴFLWVLQVRFLDOLQWHUDFWLRQVFRPPXQLFDWLRQLPSDLUPHQWV
DQGUHSHWLWLYHEHKDYLRXUV%XWEHKDYLRXUDOH΍HFWVRI1/*1PXWDWLRQVKDYH
DOVREHHQLPSOLHGLQ'URVRSKLODPHODQRJDVWHUZKLFKSRVVHVVHVIRXU1/*1
genes.
ΖQWKHSUHVHQWHGVWXG\ZHLQYHVWLJDWHWKHUROHRIRQHRIWKHVHJHQHVGQO
DQGLWVH΍HFWRQWKHȵLHVEHKDYLRXU'URVRSKLODQRUPDOO\VKRZVVWHUHRW\SL-
FDOFRXUWVKLSDQGDJJUHVVLRQEHKDYLRXUWRZDUGVFRQVSHFLȴFV:HWKHUHIRUH
LQYHVWLJDWHGZKHWKHUWKLVEHKDYLRXUZDVDOWHUHGRUUHGXFHGLQGQOGHȴFLHQW
PXWDQWVE\DQDO\VLQJYLGHRUHFRUGLQJVRIȵLHVDQGDVVHVVLQJ WKHLUSHUIRU-
mance using a custom software. Furthermore, we wanted to analyse if any al-
WHUDWLRQVLQEHKDYLRXUZHUHGXHWRDQH΍HFWRQWKHDXGLWRU\V\VWHPUHVXOWLQJ
in the inability to acoustically perceive courtship songs or aggression sounds, 
RULIWKHH΍HFWUHVXOWHGIURPDGLUHFWH΍HFWRQWKHQHXURQDOFLUFXLWVFRQWURO-
OLQJEHKDYLRXU:H WKHUHIRUH VWXGLHG WKHSK\VLRORJLFDO DELOLW\ RI GQOGHȴ-
FLHQW ȵLHV WR SHUFHLYH VRXQGXVLQJ D /DVHU'RSSOHU9LEURPHWHU FRPELQHG
with electrophysiological recordings of the auditory system.
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0RYHPHQW)HHGEDFN6LJQDO3URFHVVLQJLQD&XUYH6WHSSLQJ
6WLFNΖQVHFW7DVNDQG6HJPHQW6SHFLȴF
-RVFKD6FKPLW]0DWWKLDV*UXKQ$QVJDU%¾VFKJHV
8QLYHUVLW\RI&RORJQH'HSWRI$QLPDO3K\VLRORJ\=RRORJLFDOΖQVWLWXWH*HUPDQ\
Walking animals constantly have to adjust their leg movements to a given 
PRWRUWDVN&KDQJHVGXULQJFXUYHZDONLQJDUHJHQHUDWHGE\VSHFLȴFPRGL-
ȴFDWLRQVLQWKHNLQHPDWLFVRIHDFKOHJRQERWKVLGHVRIWKHDQLPDODPLGGOH
outside leg generates large amplitude, longitudinally directed stance move-
ments, whereas the inside leg generates small amplitude stance movements 
ZLWKPDUNHGWLELDOȵH[LRQ*UXKQHWDO+HOOHNHVHWDOVKRZHG
SUHYLRXVO\WKDWWDVNVSHFLȴFLW\LQFXUYHVWHSSLQJNLQHPDWLFVLVDFFRPSDQLHG
E\GL΍HUHQFHVLQWKHSURFHVVLQJRIPRYHPHQWUHODWHGIHHGEDFNRQERWKVLGHV
of the curve walking animal. Flexion signals from the Femur-Tibia (FTi-) joint, 
reported by the femoral chordotonal organ (fCO), induce reinforcement of 
the Flexor tibiae more often on the inside than on the outside.
ΖQWKHSUHVHQWVWXG\ZHDVNHG LIGL΍HUHQWSDUDPHWHUVRIWLELDOPRYHPHQW
DUHSURFHVVHGGL΍HUHQWO\EHWZHHQLQVLGHRURXWVLGHVWHSVDQGLIWKHVDPH
SDUDPHWHUVRIWLELDOPRYHPHQWDUHSURFHVVHGGL΍HUHQWO\GXULQJGLUHFWLRQDO
stepping.
To answer this, we stimulated the middle leg fCO with a large range of stimu-
lus velocities, amplitudes of FTi-joint movement, and starting angles, while 
recording tibial motoneuron and muscle activity in curve walking animals.
Our results show that the occurrence of movement reinforcement during 
LQVLGHDQGRXWVLGHVWHSVFDXVHGE\I&2ȵH[LRQVLJQDOVLVLQERWKFDVHVPRVW-
ly dependent on starting angle and the velocity of FTi-joint movement (cf. 
Bässler,1988). However, the thresholds for eliciting the response are lower 
for the inside leg. It is quite conceivable that during curve stepping such dif-
ferences in processing of tibial movement signals support leg kinematics 
JHQHUDWHGRQHDFKVLGH7RH[SORUHWKHPHFKDQLVPEHKLQGWKLVGL΍HUHQFH
we currently perform intracellular recordings from tibial motoneurons and 
premotor interneurons (cf. Driesang and Büschges, 1996).
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Ionic currents during rhythm generation and coordination 
of activity 
/DXUD6FKO¦JHUCarmen R. Smarandache-Wellmann
ΖQVWLWXWHRI=RRORJ\$QLPDO3K\VLRORJ\(PP\1RHWKHU*URXS8QLYHUVLW\RI&RORJQH*HUPDQ\
The function of nervous systems is based on the interaction of neuronal 
networks. These are built of neurons with individual activity patterns that 
together regulate and coordinate complex movements and behavior. To un-
GHUVWDQGWKHSURSHUWLHVRIVXFKQHWZRUNVZHLQYHVWLJDWHWKHFUD\ȴVKVZLP-
meret system. Swimmerets are four pairs of abdominal limbs that move 
well-coordinated, in alternating power- and return strokes. Each hemigan-
glion possesses a similar subset of neurons that drive this movement. This is 
FRPSRVHGRIȴYHLQWHUQHXURQVIRUPLQJWKHSDWWHUQJHQHUDWLQJFLUFXLW&3*
three coordinating neurons and motor neurons (MNs). When the system is 
active, all of these neurons show membrane potential oscillations (MPOs), but 
with distinct activity patterns. Despite our good understanding of the cellular 
components and synaptic contacts among them, the intrinsic mechanisms 
that enable the individual activity pattern remain unknown. We performed 
single electrode current- and voltage-clamp recordings from dendritic abo-
rizations of the neurons in the isolated abdominal nervous system of the 
FUD\ȴVK:HEDWKDSSOLHGFKDQQHOEORFNHUVWRLGHQWLI\LRQLFFXUUHQWVWKDWDUH
LQYROYHGLQJHQHUDWLQJWKHGL΍HUHQWDFWLYLW\SDWWHUQRIWKHQHXURQV:HIRXQG
no evidence of the hyperpolarizing activated cation current (IH). This is re-
markable since it was shown in other systems to be important in generating 
MPOs. This led to further investigations regarding the origin of the MPOs. 
After application of channel blockers against the high voltage activated cal-
FLXPFXUUHQWΖ/1LIHGLSLQHWKHWUDQVLHQWSRWDVVLXPFXUUHQWΖ$$3RUWKH
persistent sodium current INaP (Riluzole) we could observe an altered abil-
ity of the system to produce a steady and coordinated motor rhythm. We 
FRXOGVHHDPDMRULPSRUWDQFHRIΖ/LQVKDSLQJWKHDFWLYLW\RI&3*QHXURQV
FRRUGLQDWLQJQHXURQVDQG01VΖ$VHHPHGWREHUDWKHULPSRUWDQWIRU&3*
QHXURQVDQGFRRUGLQDWLQJQHXURQVZKLOHΖ1D3VHHPHGWRLQȵXHQFHPDLQO\
&3*QHXURQVDORQH
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7KH(΍HFWRI'HVFHQGLQJΖQSXWRQD/RFRPRWRU6\VWHP
)HOL[&ORWWHQCarmen Smarandache-Wellmann
(PP\1RHWKHU*URXS=RRORJLFDOΖQVWLWXWH8QLYHUVLW\RI&RORJQH*HUPDQ\
7KHVZLPPHUHWV\VWHPRIWKHFUD\ȴVKLVDQHDVLO\DFFHVVLEOHPRGHOIRUVWXG\-
ing locomotion. The general network properties of the system and the coor-
GLQDWLRQRI&3*VWKDWXQGHUOLHVWKLVFRXSOHGDFWLYLW\ZHUHSUHYLRXVO\LQYHVWL-
JDWHGLQGHWDLO&RQVHTXHQWO\LWLVRIJUHDWLQWHUHVWWRXQGHUVWDQGWKHH΍HFW
of descending input from the brain on the coordination of the swimmeret 
&3*V
In this comparative study separated axon bundles in the connectives of the 
abdominal nerve cord were stimulated electrically. Stimulation induced and 
terminated rhythmic activity in inactive and active preparations, respectively. 
ΖQWKHVLJQDOFUD\ȴVK3DFLIDVWDFXVOHQLXVFXOXVHOHFWULFDOVWLPXODWLRQVD΍HFWHG
both sides of the nervous system in the same manner. Rhythmic activity was 
initiated or terminated bilaterally to the same extent. In contrast, asymmetric 
rhythmic activity (i.e. rhythmic activity solely ipsilateral to the stimulated axon 
EXQGOHVFRXOGEHLQGXFHGLQWKHJDOLFLDQFUD\ȴVK$VWDFXVOHSWRGDFW\OXVΖQ
intact crustaceans this behavior is known as a righting response of the swim-
meret system due to spatial movements of the animal. Bath application of 
carbachol, a nicotinic and muscarinic analog of acetylcholine that increases 
WKHH[FLWDWLRQRIWKHVZLPPHUHWV\VWHPLQFUHDVHGWKHVWLPXODWLRQH΍HFWRQ
the side of the abdominal nerve cord that was contralateral to the stimula-
tion side. This suggests that the ipsilateral or bilateral initiation of swimmeret 
movements depends on the system’s excitation level. 
With increasing stimulation frequencies the period of the evoked rhythmic 
activity decreased and more motor neurons were recruited. These results, in 
addition with intracellular recordings of motor neurons during sub-threshold 
stimulations, give evidence that both the swimmeret motor neurons and pr-
HV\QDSWLFLQWHUQHXURQVRIWKHSDWWHUQJHQHUDWLQJPLFURFLUFXLWVDUHD΍HFWHG
by descending input. 
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$GDSWDWLRQLQGXFHGPRGLȴFDWLRQRIPRWLRQVHOHFWLYLW\WXQ-
LQJLQYLVXDOWHFWDOQHXURQVRIDGXOW]HEUDȴVK
Valerie Lucks1, Vanessa Hollmann1, Rafael Kurtz2, Jacob Engelmann1
$FWLYH6HQVLQJ)DFXOW\RI%LRORJ\	&Ζ7(&%LHOHIHOG8QLYHUVLW\*HUPDQ\
1HXURELRORJ\)DFXOW\RI%LRORJ\%LHOHIHOG8QLYHUVLW\*HUPDQ\
In the developing brain training-induced emergence of direction selectivity 
and plasticity of orientation tuning appear to be widespread phenomena 
IRXQGLQWKHYLVXDOSDWKZD\DFURVVGL΍HUHQWFODVVHVRIYHUWHEUDWHV
Moreover, short-term plasticity of orientation tuning in the adult brain has 
been demonstrated in several species of mammals. However, it is unclear 
whether neuronal orientation and direction selectivity in non-mammalian 
VSHFLHVUHPDLQVPRGLȴDEOHWKURXJKVKRUWWHUPSODVWLFLW\ LQWKHIXOO\GHYHO-
oped brain. To address this question we analyzed motion tuning of neurons 
LQWKHRSWLFWHFWXPRIDGXOW]HEUDȴVKE\FDOFLXPLPDJLQJΖQWRWDORULHQWDWLRQ
and direction selectivity was enhanced by adaptation, responses of previ-
ously orientation-selective neurons were sharpened and even adaptation-
induced emergence of selectivity in previously non-selective neurons was ob-
VHUYHGLQVRPHFDVHV7KHGL΍HUHQWREVHUYHGH΍HFWVDUHPDLQO\EDVHGRQWKH
relative distance between the previously preferred and the adaptation direc-
tion. In those neurons, in which a shift of the preferred orientation or direc-
tion was induced by adaptation, repulsive shifts (i.e., away from the adapter) 
ZHUHPRUHSUHYDOHQWWKDQDWWUDFWLYHVKLIWV$IXUWKHUQRYHOȴQGLQJIRUYLVXDOO\
induced adaptation that emerged from our study was that repulsive and at-
tractive shifts can occur within one brain area, even with uniform stimuli. 
7KHW\SHRIVKLIWEHLQJLQGXFHGDOVRGHSHQGVRQWKHGL΍HUHQFHEHWZHHQWKH
adapting and the initially preferred stimulus direction. Our data indicate that, 
even within the fully developed optic tectum, short-term plasticity might have 
an important role in adjusting neuronal tuning functions to current stimulus 
conditions.
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Grasping Re-planning Interferes with Working Memory  
during the Maintenance Process: Neurophysiological   
Evidence
Rumeysa Gunduz-Can1,2, Thomas Schack1,2,3, Dirk Koester1,2
&HQWHURI([FHOOHQFHȂ&RJQLWLYHΖQWHUDFWLRQ7HFKQRORJ\&Ζ7(&%LHOHIHOG8QLYHUVLW\
)DFXOW\RI3V\FKRORJ\DQG6SRUW6FLHQFH%LHOHIHOG8QLYHUVLW\*HUPDQ\
5HVHDUFKΖQVWLWXWHIRU&RJQLWLRQDQG5RERWLFV%LHOHIHOG8QLYHUVLW\*HUPDQ\
The present study focuses on the neuro-cognitive mechanisms behind man-
XDODFWLRQVDQGDFWLRQȵH[LELOLW\SDUWLFXODUO\RQ WKHQHXURSK\VLRORJLFDO LQ-
teractions between working memory processes (encoding, maintenance, re-
WULHYDODQGJUDVSLQJPRYHPHQWȵH[LELOLW\LQWHUPVRIUHSODQQLQJ
7KLUW\ȴYHSDUWLFLSDQWVZHUHWHVWHGLQDZRUNLQJPHPRU\:0JUDVSLQJGXDO
task paradigm which required performing the verbal and visuospatial version 
of a WM task being embedded in a grasp-to-place task. To investigate the 
neuro-cognitive costs of implementing a new movement plan for WM, 30% 
of the trials required re-planning of the ongoing grasping movement. There-
fore, the present study rested on a 2 (WM domain: Verbal and visuospatial) 
x 2 (Movement planning: Pre-planned and re-planned) within subject design. 
The event-related potentials (ERPs) were analyzed separately for encoding, 
maintenance and retrieval WM processes. 
7KH(53UHVXOWVVKRZHGWKHUHSODQQLQJH΍HFWGXULQJWKHPDLQWHQDQFHSUR-
FHVV7KDWLVWKHUHDUHGL΍HUHQW:0UHODWHG(53VLQWKHSUHSODQQHGFRQGL-
tion and in the re-planned condition for both domains. There was no interac-
tion for encoding and retrieval processes. Behavioral results also supported 
WRWKH(53ȴQGLQJVVKRZLQJDORZHUPHPRU\SHUIRUPDQFHIRUERWK:0WDVNV
in the re-planned compared to the pre-planned condition.
Here, we showed the initial characterization of neurophysiological interac-
WLRQVEHWZHHQFRJQLWLRQ:0SURFHVVHVDQGPDQXDODFWLRQȵH[LELOLW\JUDVS-
LQJPRYHPHQWȵH[LELOLW\7KDWLVWKHUHDUHSURFHVVVSHFLȴFQHXURFRJQLWLYH
costs of  grasping re-planning for the maintenance process of both verbal 
DQGYLVXRVSDWLDOGRPDLQV7KHVHȴQGLQJVSURYLGHDQHPSLULFDOEDVLVIRUIXU-
ther neurophysiological investigations of cognitive mechanisms of manual 
DFWLRQȵH[LELOLW\
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Age-related changes in saccadic adaptation
Jing Huang,-XWWD%LOOLQR6DELQH0DUJROI+DFNO	.DUO*HJHQIXUWQHU
-XVWXV/LHELJ8QLYHUVLW\*LHVVHQ*HUPDQ\
 
Saccadic eye movements provide an opportunity to study closely interwoven 
perceptual, motor, and cognitive changes during ageing. We aimed to study 
KRZDJHD΍HFWVWKHDELOLW\RIWKHRFXORPRWRUV\VWHPWRFRPSHQVDWHIRUV\V-
tematic foveal endpoint errors.
 
We investigated adaptation in a double step paradigm. Subjects had to make 
saccades to a target at 10 deg eccentricity which was displaced to 7.5 deg 
after saccade onset. Adaptation was embedded in a baseline and a post-ad-
aptation epoch without manipulation of target position. We compared per-
IRUPDQFH LQ \RXQJ 1 PHDQ DJH  \HDUV DQG VHQLRU 1 PHDQ
DJH VXEMHFWV:HGHWHUPLQHGUDWHRIDGDSWDWLRQE\ȴWWLQJDQH[SRQHQ-
tial function to the saccadic gain data.
 
All observers showed saccadic adaptation. At the end of the adaptation pe-
riod, the average saccade gain was reduced to 0.86 relative to 1.00 during the 
EDVHOLQHSHULRG7KHRYHUDOODPRXQWRIDGDSWDWLRQGL΍HUHGEHWZHHQWKHWZR
DJHJURXSVEHLQJVWURQJHUIRUWKH\RXQJJURXSYHUVXVW 
S$JHJURXSVGLGQRWGL΍HULQWKHUDWHRIDGDSWDWLRQYVWULDOVWR
UHDFKGHFD\ W S!'L΍HUHQFHVVHHPWRHPHUJHIURPIDVW
adaptation phase processes at the beginning of the adaptation, possibly due 
WRVWUDWHJLFH΍HFWV
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Circuit Analyses of consolidated memory in Drosophila
Emmanuel Antwi-Adjei
ΖQVLWXWHRI1HXURELRORJ\)UHLH8QLYHUVLW¦W%HUOLQ*HUPDQ\
Memory consolidation theory categorized memories in relation to whether it 
resists an amnestic treatment, or not. The Drosophila aversive odour-learn-
LQJLVD3DYORYLDQUHJLPHQZKHUHIUXLWȵLHVDUHWUDLQHGWRDYRLGDQROIDFWRU\
cue- the conditioned stimulus (CS)- after it has been presented in combina-
tion with an electric shock i.e., the unconditioned stimulus (US). However, 
WKH'URVRSKLOD DYHUVLYH OHDUQLQJ FRPSULVHV RI WZR GL΍HUHQW W\SHV RI FRQ-
solidated memories, i.e., long-term memory (LTM) and Anesthesia-resistant 
memory (ARM).
Bruchpilot (Brp) is a ubiquitous presynaptic active zone protein which is 
QHHGHGIRUROIDFWRU\PHPRU\%UXFKSLORWZDVUHYHDOHGWRIDFLOLWDWHHɝFLHQW
vesicle release particularly at low stimulation frequencies. Thus, transgenic 
NQRFNGRZQRI%UXFKSLORWLQWKHROIDFWRU\FLUFXLWRIWKHIUXLWȵ\VKRZHGWKH
necessity of Bruchpilot in the formation of the consolidated part of memory 
$50%UXFKSLORWH΍HFWVRQ$50ZHUHIXUWKHUREVHUYHGWKURXJKRXWWKHRO-
factory circuit.
7KLVWKHQDɝUPWKDWWKHH΍HFWVREVHUYHGLQWKHFLUFXLWU\GHSHQGHGRQWKH
ORZVWLPXODWLRQIUHTXHQF\RIWKH%UXFKSLORWQHHGHGIRUH΍HFWLYHV\QDSWLFUH-
OHDVH7KXVH΍HFWLYHV\QDSWLFUHOHDVHLVSLYRWDOIRUWKHIRUPDWLRQRI$QHVWKH-
VLDUHVLVWDQWPHPRU\$507KHQHXURQVWKDWVKRZHGWKLVH΍HFWUHYHDOHGD
certain pattern of conformity which depended on whether they were phase-
locked or not. This phase locked phenomenon spanned from the antennal 
lobe local interneurons (LN2), and then further elicited in the Projection neu-
rons and the mushroom body.
Lechner HA, Squire LR, Byrne JH. 100 years of consolidation–remembering Muller and Pilzecker
Tanaka NK, Ito K, Stopfer M. Odor-evoked neural oscillations in Drosophila is mediated by widely 
branching interneurons
7XOO\73UHDW7%R\QWRQ6&'HO9HFFKLR0*HQHWLFGLVVHFWLRQRIFRQVROLGDWHGPHPRU\LQ'URV-
ophila
<LQ-&:DOODFK-6'HO9HFFKLR0:LOGHU(/=KRX+4XLQQ:*7XOO\7ΖQGXFWLRQRIDGRPLQDQW
QHJDWLYH&5(%WUDQVJHQHVSHFLȴFDOO\EORFNVORQJWHUPPHPRU\LQ'URVRSKLOD
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Where to place my home in a cluttered environment? A 
model analysis
Martin Müller1, 'DULR'L΍HUW2, Olivier Bertrand1, Martin Egelhaaf1,3
'HSDUWPHQWRI1HXURELRORJ\%LHOHIHOG8QLYHUVLW\*HUPDQ\
&RPSXWHU(QJLQHHULQJ*URXS%LHOHIHOG8QLYHUVLW\*HUPDQ\
&RJQLWLYHΖQWHUDFWLRQ7HFKQRORJ\ȃ&HQWHURI([FHOOHQFH%LHOHIHOG8QLYHUVLW\*HUPDQ\
Navigation in cluttered environments is an important challenge for animals 
and robots alike and has been the subject of many studies trying to mimic 
and explain animal navigation performance with parsimonious and energy 
HɝFLHQW DOJRULWKPV 2QH VXFK DSSURDFK LV WKH $YHUDJH /DQGPDUN 9HFWRU
(ALV) model, where the information contained in panoramic images is char-
acterised by a two-component vector, which can subsequently be used to 
generate a homing direction for navigational purposes. This approach is very 
DSSHDOLQJIURPDELRORJLFDOSHUVSHFWLYHDVLWLVHɝFLHQWLQWHUPVRIERWKFRP-
putation and memory and could thus plausibly be represented in the insect 
nervous system. We could show that an agent using the ALV algorithm for 
navigation will, moreover, implicitly avoid obstacles, and therefore does not 
require another dedicated collision avoidance method.
To further explore the possibilities of this type of homing strategy, we inves-
tigated the performance of a skyline-based ALV variant using systematic grid-
EDVHGVLPXODWLRQV LQDYLUWXDOFOXWWHUHGHQYLURQPHQW:HȴQGWKDWKRPLQJ
performance strongly depends on the location of the target in the environ-
ment. These results highlight the importance of proper nest placement for 
successful homing as well as showcasing the general applicability of such a 
skyline-based approach.
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A fast, local, load-based mechanism for inter-leg coordination 
in freely walking insects
Chris J. Dallmann1,2, Thierry Hoinville1,2, Josef Schmitz1,2
1 Department of Biological Cybernetics, Faculty of Biology, Bielefeld University, 33615 Bielefeld, 
*HUPDQ\
2 Cognitive Interaction Technology Center of Excellence, Bielefeld University, 33619 Bielefeld, 
*HUPDQ\
ΖQVWDEOHFRRUGLQDWHGZDONLQJDOHJVXSSRUWLQJWKHERG\VKRXOGOLIWR΍WKH
ground only after another leg has touched down to take over its load. But 
how does a leg “know” when another leg has touched down? The proper-
ties of vertebrate and invertebrate load sensors suggest a smart and fast 
mechanism: The supporting leg detects another leg’s touchdown by sensing 
the resulting reduction of its own load due to mechanical coupling. Here, 
we demonstrate the plausibility of this putative mechanism in freely walking 
stick insects, using a combination of motion capture, ground reaction force 
measurements, electromyography, and modeling. First, we show that the in-
sect’s load sensors (campaniform sensilla) can reliably encode the unload-
ing of the supporting leg during walking. Based on joint torques, we predict 
that two sensor groups on the proximal part of the leg change their activity 
with the onset of unloading. Second, we show that the onset of unloading 
is linked to the loading of the posterior leg: (i) Unloading is closely preceded 
E\WKHWRXFKGRZQRIWKHSRVWHULRUOHJLLVWDWLFPHFKDQLFVSUHGLFWWKDWWKLV
OHJWDNHVRYHUORDGPRVWH΍HFWLYHO\LLLWKHPXVFOHUHVSRQVLEOHIRUOLIWLQJWKH
supporting leg is activated only after the unloading onset. We conclude that 
touchdowns of neighboring legs can be sensed locally through mechanical 
coupling and thus help to coordinate legs adaptively during walking. As other 
LQVHFWVOLNHFRFNURDFKHVDQGȵLHVKDYHDQDORJRXVORDGVHQVRUVRQWKHLUOHJV
this coordination mechanism might be used to similar advantage across ani-
mals.
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Active vision strategies of bumblebees during learning 
ȵLJKWV
Charlotte Doussot1, Olivier Bertrand1,2 , Martin Egelhaaf1,2
8QLYHUVLW\RI%LHOHIHOG%LHOHIHOG*HUPDQ\
&OXVWHURI([FHOOHQFH&RJQLWLYHΖQWHUDFWLRQ7HFKQRORJ\&Ζ7(&%LHOHIHOG*HUPDQ\
Finding back the nest is one of the most important tasks of a bumblebee to 
HQVXUHWKHVXUYLYDORIWKHKLYH:KHQOHDYLQJWKHQHVWIRUWKHȴUVWWLPHIRUDJ-
HUVSHUIRUPOHDUQLQJȵLJKWVWRJDWKHUYLVXDOLQIRUPDWLRQDERXWWKHVXUURXQG-
ings of the nest entrance.
%XPEOHEHHVDUHXVLQJDVDFFDGLFȵLJKWDQGJD]HVWUDWHJ\WRUHVWUDLQWKHUR-
tational components of their motion to a brief time interval called saccade. 
During intersaccadic intervals head rotations were previously concluded to 
be either negligible, which facilitate the extraction of distance cues relative to 
the bee (Boeddeker et al. 2015) or to be small, but actively controlled by the 
bee to allow for gaining distance information relative to the nest (Riabinina et 
DO2XUFXUUHQWDQDO\VLVKDVEHHQGHVLJQHGWRUHFRQFLOHWKHVHFRQȵLFW-
LQJLQWHUSUHWDWLRQVΖQWKHH[SHULPHQWVDEHHKLYHZDVFRQQHFWHGWRDȵLJKW
DUHQDYLDDYHUWLFDOHQWUDQFHDQGGHSDUWXUHȵLJKWVRIEXPEOHEHHVZHUHUH-
corded with two high resolution cameras. This arrangement facilitates recon-
VWUXFWLRQRIWKHKHDGRULHQWDWLRQDQGTXDQWLȴFDWLRQRIPHDVXUHPHQWQRLVH
7KHUHFRQVWUXFWLRQRIWKHVHSDUDPHWHUVGXULQJWKHOHDUQLQJȵLJKWVDOORZVXV
WRGHWHUPLQHSRWHQWLDOSRLQWVLQVSDFHWKDWPD\EHȴ[DWHGGXULQJWKHLQWHU-
saccades. Analyzing the location of these points in the arena and their retinal 
displacement during intersaccadic intervals provides information about their 
SRWHQWLDOVLJQLȴFDQFHIRUVSDWLDOYLVLRQDQGWKXVDERXWWKHJD]HVWUDWHJ\XVHG
E\WKHEHHGXULQJWKHLUOHDUQLQJȵLJKWV
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5HFHSWLYHȴHOGVRISRODUL]DWLRQVHQVLWLYHQHXURQVRIWKH
FHQWUDOFRPSOH[LQWKHGHVHUWORFXVW
Frederick Zittrell, .HUDP3IHL΍HU8ZH+RPEHUJ
3KLOLSSV8QLYHUVLW\0DUEXUJ'HSDUWPHQWRI$QLPDO3K\VLRORJ\*HUPDQ\
The desert locust Schistocerca gregaria is able to perceive the polarization 
SDWWHUQRIWKHVN\ZKLFKLVFKDUDFWHUL]HGE\HOHFWULFȴHOGYHFWRUV(YHFWRUV
arranged tangentially along concentric circles around the sun. This pattern 
depends directly on the sun’s position in the sky and may be used to deter-
mine geographic directions.
Specialized photoreceptors in the dorsal rim area of the compound eyes are 
sensitive to the plane of oscillation (polarization) of light. The central com-
plex plays a key role in the integration of this information: Parallel pathways 
innervate the protocerebral bridge as well as the lower and upper divisions 
of the central body in the locust brain. Within the central complex, colum-
nar and tangen-tial neurons establish connections between and within the 
neuropils. The protocerebral bridge is innervated such that E-vector orienta-
tion is represented topographically, mapping 180° variability over each brain 
hemisphere. While the E-vector tuning of the involved neuron types is rela-
WLYHO\ZHOONQRZQWKHLUUHFHSWLYHȴHOGVUHJDUGLQJWKHFHOHVWLDOSRVLWLRQRISR-
larized light stimuli have not been determined yet.
7RPDS WKHVH UHFHSWLYH ȴHOGVZH UHFRUGHG LQWUDFHOOXODUO\ IURPSRODUL]HG
light sensitive neurons of the central complex while presenting blue light 
VWLPXOLXVLQJDURWDWLQJSRODUL]HUDWGL΍HUHQWSRVLWLRQVRQWKHKHPLVSKHUH
1HXURELRWLQ WUDFHU LQMHFWLRQDOORZHGIRU LGHQWLȴFDWLRQRIQHXURQW\SHVDQG
reconstruction of anatomical relationships. We found that individual colum-
QDUQHXURQVKDYHUHFHSWLYHȴHOGVGLUHFWHGDWGL΍HUHQWSDUWVRIWKHVN\ZKLFK
might indicate that the protocerebral bridge topography maps the solar azi-
muth over the complete horizon around the animal.
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Modeling motion adaptation in the visual system
Jinglin Li1,2, Martin Egelhaaf1,2
8QLYHUVLW\RI%LHOHIHOG%LHOHIHOG*HUPDQ\
&OXVWHURI([FHOOHQFH&RJQLWLYHΖQWHUDFWLRQ7HFKQRORJ\&Ζ7(&%LHOHIHOG*HUPDQ\
ΖQVHFWVȵ\LQJLQFOXWWHUHGHQYLURQPHQWVUHO\RQVSDWLDOLQIRUPDWLRQLQYDULRXV
behavioral contexts. The relative distance to surrounding objects can be ex-
WUDFWHGIURPWKHUHWLQDOLPDJHȵRZLQGXFHGGXULQJVHOIPRWLRQ
Retinal image motion is computed by an array of retinotopically arranged 
motion detection circuits in the 2nd neuropile of the insect visual system. 
The output of these motion detection circuits is spatially pooled by a cluster 
RI ODUJHȴHOGPRWLRQ VHQVLWLYH QHXURQV LQ WKH UG QHXURSLOH (OHFWURSK\VL-
RORJLFDOH[SHULPHQWVUHYHDOHGWKDWWKHODUJHȴHOGPRWLRQVHQVLWLYHQHXURQV
DGDSWGXULQJPRWLRQVWLPXODWLRQLHZKHQH[SHULHQFLQJUHWLQDOLPDJHȵRZ
DWDFRQVWDQWYHORFLW\WKHFHOOUHVSRQVHUHGXFHVRYHUWLPHKRZHYHUZKHQDQ
abrupt change in velocity occurs, the sensitivity to the change is maintained 
or even enhanced over time. Further experiments suggested that the mo-
WLRQDGDSWDWLRQREVHUYHG LQ WKH ODUJHȴHOGPRWLRQVHQVLWLYHQHXURQV LV WKH
consequence of adaptive processing mainly at the level of the local motion 
detection circuits.
We hypothesize that this local motion adaptation can enhance spatial infor-
PDWLRQEDVHGRQRSWLF ȵRZ WKHUHE\ IDFLOLWDWLQJ ȵLJKW FRQWURO:H WHVW WKLV
hypothesis on the basis of computational modeling and developed a novel 
adaptive model of the local motion detector, which is based on the same 
adaptive principle as can account for brightness adaptation in photorecep-
tors. This adaptive model can account for various adaptive features observed 
LQWKHODUJHȴHOGPRWLRQVHQVLWLYHQHXURQVVXJJHVWLQJFRPPRQSULQFLSOHVRI
DGDSWDWLRQDWWKHGL΍HUHQWSURFHVVLQJVWDJHVRIWKHYLVXDOPRWLRQSDWKZD\
This model will allow us to further validate our hypothesis about the func-
WLRQDOVLJQLȴFDQFHRIORFDOPRWLRQDGDSWDWLRQ
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On the role of vision and gravity in head-body coordination 
RIIUHHO\ZDONLQJEORZȵLHV
José Monteagudo1,2, Jens Peter Lindemann1,2, Martin Egelhaaf1,2
1 Department of Neurobiology, Bielefeld University
2 CITEC (Cluster of Excellence Cognitive Interaction Technology)
Most animals try to keep their visual systems horizontal during locomotion 
and show compensatory head movements to achieve this. In walking animals 
the orientation of the body is constrained through its direct leg-based con-
tact with the often uneven walking substrate, making head-body coordina-
WLRQYHU\LPSRUWDQW*UDYLW\DQGYLVXDOLQIRUPDWLRQDUHOLNHO\WREHWKHPRVW
important cues for most animals to determine the orientation of their sur-
roundings and thus of their visual systems. We investigated how these cues 
DUHHPSOR\HGE\ZDONLQJEORZȵLHVZKLFKGHVSLWHEHLQJNQRZQPRVWO\IRU
WKHLUDFUREDWLFȵLJKWEHKDYLRUIUHTXHQWO\H[SORUHWKHLUHQYLURQPHQWE\ZDON-
ing. We recorded freely walking animals and reconstructed the orientation 
of head and body while approaching an object in a cylindrical arena. In our 
experimental analysis, gravitational and visual cues available to the animal 
ZHUHEURXJKWV\VWHPDWLFDOO\LQWRFRQȵLFWZLWKHDFKRWKHU:HGLVFRYHUHGWKDW
ZDONLQJEORZȵLHVHPSOR\ERWKYLVXDODQGJUDYLWDWLRQDO FXHV WRRULHQW WKHLU
KHDGDQGWKXVWKHLUYLVXDOV\VWHP:KHQERWKFXHVDUHEURXJKWLQWRFRQȵLFW
EORZȵLHVUHDFKDFRPSURPLVHEHWZHHQWKHRULHQWDWLRQVUHSRUWHGE\WKHGLI-
IHUHQW FXHVZHLJKLQJ WKHPGL΍HUHQWO\GHSHQGLQJRQ WKHLUDYDLODELOLW\ 7KH
presence of visual cues reduce head rotations compensating for gravity, if
they are aligned with the orientation of the ground, or enhance them, if they 
are congruent with the direction of gravity.
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2SWLFȵRZEDVHGGLVWDQFHFRGLQJLQWKH+FHOORIWKHEORZȵ\
Frauke Lauterbach, Miriam Henning, Martin Egelhaaf, Roland Kern
'HSDUWPHQWRI1HXURELRORJ\%LHOHIHOG8QLYHUVLW\*HUPDQ\
'HVSLWH WKHLU VPDOO EUDLQV ȵ\LQJ LQVHFWV SHUIRUP DVWRQLVKLQJO\ ZHOO ZKHQ
navigating through cluttered environments. A source of spatial information 
DFFHVVLEOHWRWKHLUYLVXDOV\VWHPLVWKHRSWLFȵRZLQGXFHGE\WUDQVODWRU\HJR
motion. There are a variety of motion sensitive neurons in the insect brain 
that may accomplish this task.
We recorded from one such neuron, called H1, which spatially pools over 
a large array of local elementary motion detectors (EMDs). We stimulated 
one eye with videos depicting translatory movement along a straight path in 
environments of varying spatial complexity. To vary the number of stimulat-
ed EMDs and, therefore, examine the consequences of spatial pooling onto 
GLVWDQFHFRGLQJWKHUHFHSWLYHȴHOGRIWKHQHXURQZDVUHVWULFWHGE\DPDVN
RIYDULDEOHVL]H7KHH΍HFWRIREMHFWVRIGL΍HUHQWGLVWDQFHVXSRQWKHFHOOUH-
sponse was then examined.
As the responses to simulated motion in simple environments show, spatial 
information intrinsic to EMD responses is still apparent after spatial pooling. 
The relationship between neuronal response and distances in naturalistic 
environments is less directly apparent. Correlations still reveal the nearness 
to be the strongest driving force of the cell response when compared to con-
trast or brightness. A systematic search for the distance represented best by 
the cell response also highlights the importance of close objects.
We therefore conclude that the neuronal response at the EMD level depends 
on multiple parameters characterising the visual scene. However it is dom-
inated by distance when close objects are present. EMD responses might 
therefore extract the spatial information necessary to perform spatial vision 
tasks such as collision avoidance.
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Passive versus active sensing: a giant descending interneu-
ron in a stick insect conveying information about antennal 
movement.
*D­WDQ/HSUHX[1, 2, S. Shuichi Haupt1, and Volker Dürr1, 2
'HSDUWPHQWRI%LRORJLFDO&\EHUQHWLFV)DFXOW\RI%LRORJ\%LHOHIHOG8QLYHUVLW\*HUPDQ\
&RJQLWLYHΖQWHUDFWLRQ7HFKQRORJ\ȃ&HQWHURI([FHOOHQFH%LHOHIHOG8QLYHUVLW\*HUPDQ\
Stick insects use their antennae to continuously search and sample the en-
vironment ahead during walking. Carausius morosus executes aimed front 
leg movements towards obstacles shortly after tactile localisation by its an-
tennae. The information required for this behaviour could be conveyed by 
SUHYLRXVO\LGHQWLȴHGGHVFHQGLQJLQWHUQHXURQVWKDWFRQQHFWWKHEUDLQWRWKH
thoracic ganglia. For example, the contralateral on-type velocity-sensitive 
neuron (cONv) encodes contralateral antennal joint angle velocity but also 
responds to low amplitude substrate vibration. How can cONv reliably en-
FRGHVLQJOHWULDO MRLQWPRYHPHQW LQ WKHSUHVHQFHRI LWVVWURQJO\ȵXFWXDWLQJ
spontaneous activity and how does it respond depending on the behavioural 
state of the animal and the mode of stimulation (movement or vibration)? 
These questions were studied by electrophysiology and antennal motion 
tracking in otherwise stationary animals. Substrate taps at a rate comparable 
to stepping during walking are reliably encoded by a single spike per tap, 
while suppressing spontaneous (i.e., irregular) spike activity. Thus, the pres-
ence of substrate vibration may improve the encoding of antennal move-
PHQWFXHV7KHUHVSRQVHRIF21YWRSDVVLYHGHȵHFWLRQRIWKHDQWHQQDLVUHOL-
able, strong and velocity-dependent. However, spontaneous activity of cONv 
is unchanged or even suppressed during active transient or rhythmic explor-
DWRU\DQWHQQDOPRYHPHQWVZKLOHLWVVHQVLWLYLW\WRSDVVLYHGHȵHFWLRQSHUVLVWV
3URYLGHGWKDWWKHUHVSRQVHWRSDVVLYHGHȵHFWLRQLVVLPLODUWRWKHUHVSRQVH
to interrupted active movement, cONv could serve as as a reliable antennal 
contact detector under behaviourally relevant conditions. 
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+DSWLFDIWHUH΍HFWRIVRIWQHVV
Anna Metzger & Knut Drewing
'HSDUWPHQWRI3V\FKRORJ\-XVWXV/LHELJ8QLYHUVLW\*LHVVHQ*HUPDQ\
3UHVHQWSHUFHSWLRQFDQEHLQȵXHQFHGE\SDVWVHQVRU\H[SHULHQFHWHPSRUDO
adaptation). This study addresses the impact of adaptation on haptic percep-
tion of softness. We conducted two experiments in which in every trial par-
ticipants compared two silicon rubber stimuli (reference and comparison). 
7KH\ LQGHQWHG WKHP VLPXOWDQHRXVO\ ZLWK WKHLU LQGH[ ȴQJHUV DQG GHFLGHG
ZKLFKRQHIHOWVRIWHU7RFKDQJHWKHVHQVRU\SDVWRIRQHLQGH[ȴQJHUDGDSWD-
tion condition) participants indented repeatedly a third stimulus (adaptation 
VWLPXOXVZLWKRQHLQGH[ȴQJHUEHIRUHWKH\H[SORUHGWKHUHIHUHQFHVWLPXOXV
ZLWKLWΖQWKHWZRH[SHULPHQWVZHXVHGGL΍HUHQWUHIHUHQFHVWLPXOLRQHZDV
rather hard (0.32 mm/N) the other rather soft (0.67 mm/N). In both experi-
ments we used as adaptation stimuli one harder, one softer and one stimu-
lus with approximately the same compliance as compared to the reference. 
A forth adaptation stimulus was chosen to match the physical distance to the 
reference of one of the other adaptation stimuli. In a baseline condition both 
LQGH[ȴQJHUVKDGQRUHFHQWVHQVRU\SDVW:HPHDVXUHG3RLQWVRI6XEMHFWLYH
Equality (PSEs) of the reference stimuli to corresponding sets of comparison 
stimuli. After adaptation, PSEs shifted as a function of the compliance of the 
adaptation stimulus in both experiments. The references were perceived to 
be softer after adaptation to a harder stimulus and harder after adaptation 
to a softer stimulus as compared to the condition without adaptation. These 
ȴQGLQJVVXJJHVWWKDWVRIWQHVVLVDQLQGHSHQGHQWSULPDU\SHUFHSWXDOTXDOLW\
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Enhancing Golf Putting Performance by Neurofeedback 
Train
Dylan Ming-Yang Cheng
&RJQLWLYHΖQWHUDFWLRQ7HFKQRORJ\ȃ&HQWHURI([FHOOHQFH%LHOHIHOG8QLYHUVLW\*HUPDQ\
Neurofeedback training (NFT) is a technique to improve  the brain’s function-
LQJWKURXJKVHOIUHJXODWLRQRI WKHHOHFWURHQFHSKDORJUDP((* $PRQJ
WKH ((* VLJQDWXUHVUHJDUGLQJ  IRFXVHG DWWHQWLRQ VHQVRULPRWRU UK\WKP
(SMR)  activity  has  been  related  to  the adaptive focused attention during 
skilled action execution. However, few studies have bridged the  causal  link 
between  SMR  activity  and  sports  performance.  This  study  investigated 
WKHH΍HFWRI605QHXURIHHGEDFNWUDLQLQJ6051)7RQJROISXWWLQJ
performance.  We hypothesized  that  pre-elite  golfers  would  exhibit  en-
hanced  putting performance  after  SMR NFT.  The  increased  SMR  power 
after  training  would  be  a  result  of  improved  focused attention  which 
may  reduce  the  irrelevant  motor  information  processing  in  the  sensori-
motor cortex. Method: Sixteen pre-elite golfers were recruited and randomly 
assigned into either an SMR or a control group. Participants were asked to 
SHUIRUPSXWWLQJWULDOVZKLOH((*ZDVUHFRUGHGERWKEHIRUHDQGDIWHULQ-
tervention (8 sessions). Results: Our results showed that the neurofeedback 
JURXSSHUIRUPHGPRUHDFFXUDWHO\ZKHQSXWWLQJ>SUHSRVWFRPSDULVRQV
W S @DQGH[KLELWHGJUHDWHU605SRZHU>W S
 @WKDQWKHFRQWUROJURXS>QRVLJQLȴFDQWH΍HFWV@DIWHULQWHUYHQWLRQ
VHVVLRQVVLJQLȴFDQWLQWHUDFWLRQVRIJURXS[VHVVLRQ) S 
) S UHVSHFWLYHO\:LWKRXUFRQWURODQDO\VLVZHIRXQG
that the higher SMR power mainly presented at the sensorimotor area and 
H[KLELWHGOHVVȵXFWXDWLRQLQRWKHUIUHTXHQF\EDQGVLQWKHQHXURIHHGEDFN
group after training. Furthermore,  the  neurofeedback  group  exhibited  a 
day-to-day  learning  curve  in  which  they improve  the  ability  to  control  the 
605SRZHUIURPWKHȴUVWVHVVLRQRIWUDLQLQJWRWKHODVWVHVVLRQ'LVFXV-
VLRQ7KLVVWXG\FRQFOXGHVWKDW6051)7LVH΍HFWLYHIRULQFUHDVLQJ605
power  during  action  preparation  and  for  enhancing  golf  putting  perfor-
PDQFH0RUHRYHUJUHDWHU605DFWLYLW\PLJKWEHDQ((*VLJQDWXUHRILP-
proved  focused  attention  which  can induce superior putting performance. 
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 A Multisensory Compass for Indoor Navigation
Arne Gollin1,2, Volker Dürr1, Marc Ernst2
'HSDUWPHQWRI%LRORJLFDO&\EHUQHWLFV)DFXOW\RI%LRORJ\%LHOHIHOG8QLYHUVLW\*HUPDQ\
'HSDUWPHQWRI&RJQLWLYH1HXURVFLHQFH%LHOHIHOG8QLYHUVLW\*HUPDQ\
HECTOR is a HExapod Cognitive auTonomously Operating Robot. The goal of 
this project is to provide HECTOR with reliable information about the outside 
world and his internal states. 
Autonomous systems regularly come with multiple sensors for vision, tac-
tile information and proprioception. These and other sensors are providing 
complementary and redundant information. For control, information from 
internal and external sensors has to be combined uniquely. 
However, information uncertainty from sensor noise, inaccuracy, and ambi-
JXLW\LVD΍HFWLQJWKHRSWLPDOZD\RIFRPELQLQJLQIRUPDWLRQ7KLVSUREOHPLV
complicated due to the uncertainty undergoing permanent changes while 
acting in the world, making continuous updating necessary. 
Furthermore, in a miscalibrated redundant system, the problem of error as-
VLJQPHQWLVLQHYLWDEOH7KHVHSUREOHPVFDOOIRUHɝFLHQWZD\VRIXQFHUWDLQW\
estimation and optimisation of the integration strategies. Multisensory inte-
gration and recalibration processes in humans, as well as their comparison 
to ideal observer models have been studied extensively. Still, it is largely un-
known how uncertainty is estimated online for establishing correspondence, 
or for recalibration and optimally integrating multisensory information.
Just like any animal, HECTOR is equipped with vast sensorization providing 
the necessary information both for the low-level control of the legs move-
ment and their coordination as well as the high-level control of the body mo-
tion. The sensors mimic biological sensory modalities such as propriocep-
tion (joint-angle sensors), a vestibular system (accelerometers, gyroscopes), 
touch (load/strain sensors), and vision (insect-like camera system). 
Each sensory subsystem delivers only imprecise and sometimes even inaccu-
rate estimates about the state of the own body and the external world. Inte-
JUDWLQJLQIRUPDWLRQIURPWKHGL΍HUHQWVXEV\VWHPVZLOOPDNHWKHVHHVWLPDWHV
more precise and robust.
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Multisensory integration of both ON and OFF-stimuli via 
correlation detection
Mehmet Aykut Kurt and Corinna Osterbrink1, Cesare Parise1,2, 
0DUFb(UQVW1
%LHOHIHOG8QLYHUVLW\'HSDUWPHQWRI&RJQLWLYH1HXURVFLHQFH*HUPDQ\
&RJQLWLYHΖQWHUDFWLRQ7HFKQRORJ\ȃ&HQWHURI([FHOOHQFH%LHOHIHOG8QLYHUVLW\*HUPDQ\
Multisensory integration is a process whereby the brain selectively inte-
JUDWHVUHGXQGDQW LQIRUPDWLRQIURPGL΍HUHQWVHQVRU\FKDQQHOV ΖQDUHFHQW
study we proposed a new model for multisensory integration inspired by 
the Hassenstein-Reichardt detector which detects and integrates redundant 
information from vision and audition. Here we investigate how unisensory 
LQIRUPDWLRQ LVSUHSURFHVVHGEHIRUHEHLQJ LQWHJUDWHG6SHFLȴFDOO\ZH ORRN
into whether signal intensity or changes in intensity are preserved.
We presented audio-visual stimuli while parametrically varying the time lag 
EHWZHHQWKHWZRPRGDOLWLHVΖQWKHȴUVWH[SHULPHQWOLJKWDQGVRXQGHLWKHULQ-
creased in intensity (ON-stimulus) or decreased in intensity (OFF-stimulus) in 
IRUPRIDVLPSOHVWHSIXQFWLRQ21DQG2))VWLPXOLZHUHSDLUHGLQDOOSRVVLEOH
combinations. In the second experiment the intensity changed periodically. 
Participants were asked to perform a temporal order judgement and a sim-
ultaneity judgment. Results showed that subjects could accurately perform 
the given tasks regardless of the polarity of the intensity changes in sound 
and light.
To account for these results, we propose a revised multisensory correlation 
GHWHFWRUPRGHO0&'LQZKLFKXQLVHQVRU\VLJQDOVDUHȴUVWSURFHVVHGXVLQJ
DFKDQJHGHWHFWRUDQGWKHQIHGLQWRWKHFRUUHODWLRQGHWHFWRU:LWKRXWȴWWLQJ
parameters, our revised model closely replicated the empirical results, thus 
demonstrating its capability in making accurate predictions of human behav-
iour in a variety of psychophysical experiments. Furthermore, the model sug-
gests that multisensory processing discards intensity information, but repre-
sents event timestamps.
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